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FACTOR ANALYSIS OF MEMORY ABILITY 
BY HILDING B. CARLSON 


This study is an attempt to analyze memory ability with 
the use of the Thurstone multiple factor technique.! The 
experimental conditions were arranged in order to test the 
truth of two very common assumptions: (1) that memory 
ability can be divided into rote and logical memory, and (2) 
that rote memory can further be divided into a visual and a 
vocal factor. The term vocal, as used here, refers to the 
kinaesthetic and auditory cues that result if an individual 
pronounces a word, even though inaudibly, inasmuch as there 
is no adequate means of differentiating them in this cir- 
cumstance. 

That material may be memorized by at least two methods: 
the rote and the logical, is well known (1). Since the efh- 
ciency of memorization may vary with the method used and 
since individuals may differ in the degree to which they 
utilize these methods, individual differences in memory ability 
may be due to differences in the relative effectiveness of the 
method utilized. In other words, there is the hypothesis that 
memory ability may be divided into at least two factors: rote 
and logical. This general assumption of the existence of 
these two types will be tested. 

Even though the material has been presented visually in 


1 From the Psychological Laboratory of the University of Chicago. 

The writer wishes to acknowledge his indebtedness to Dr. Frederick H. Wezeman, 
President, Chicago Christian High School and Junior College, where the majority of 
the students who participated in this experiment were obtained. 
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this experiment, since this is the most feasible manner, the 
mode of presentation does not necessarily determine the 
modality which will be adopted by'a subject in memorizing 
that material (3). The efficiency of memorization may vary 
with the sense modality utilized, even though the group 
methods previously used to determine this have given in- 
consistent results. Since individuals may differ in the degree 
to which they use various modes, individual differences in 
memory ability may be due to differences in the relative 
effectiveness of the sense modality used. There is the hypoth- 
esis, then, that memory ability may be divided into visual 
and vocal memory. This assumption will also be tested. 

As stated, previous experiments comparing memory efh- 
ciency of the different senses have found no consistent dif- 
ferences between groups. There is the possibility that vision 
is superior for some individuals, and audition for others, and 
that the two cancel each other for the group as a whole. The 
group method merely discovers what is true for the group as a 
whole, and gives no way of discovering the possibility of intra- 
group variability in respect to the factor studied. The multi- 
ple factor method, developed in recent years, however, does 
this sort of thing. It is a method of isolating the various 
abilities in respect to which individuals may be classed into 
types of the general sort. With this new technique, it may be 
possible to demonstrate that memory efficiency does vary with 
the sense modality utilized. 

One way of attempting to elicit the postulated logical, 
visual, and vocal factors would be to vary the character of the 
material, and this has been done here. Various kinds of 
material might have been utilized, but since words are much 
better, especially for presentation, they have been used. 
Their use necessitated employing the recognition method of 
testing memory. Recall or relearning might have been em- 
ployed, if words and nonsense syllables were used, but this 
would have necessitated lists of nonsense syllables of such 
character that some would have pronounced vocal character- 
istics and others visual, and there is no available criterion for 
selecting nonsense syllables having these characteristics. 
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With the employment of the recognition method, specific 
distractors had to be used in order to obtain a differentiation. 
Accordingly, it was necessary to make up lists systematically 
varying the distractors in visual appearance, vocality, and 
meaning, and in their combinations, in order that each mode 
be separately favored. In order to do this, it was necessary to 
select groups of words of such character that other words 
could be found that have particular relationships to the first 
words. One group of words was selected because for each 
word a synonym could be found; another group of words was 
chosen because for each word a homonym could be found. 
In like manner, other groups of words were selected as indi- 
cated in Table 1. This table also gives an example of each 


group. 




















TABLE 1 
RELATION BETWEEN THE Worps OF A Parr IN THE ExPposuRE AND RECOGNITION 
Lists 
Number 
Words 
in Words Alike Words Different 
Group | Each in in Example 
Recog- Respect to: Respect to: 
nition 
List 
A 56 (idesenebihane’ Visual appearance cruel 
Vocality diagonal 
Meaning 
B 50 Vocality Visual appearance no 
Meaning know 
Cc 48 Meaning Visual appearance rely 
Vocality depend 
D 24 Visual appearance Vocality ob’ ject 
Meaning ob-ject’ 
E 44 Vocality Visual appearance through 
Meaning thru 
F 26 Visual appearance Vocality con’tem-plate 
Meaning con-tem’ plate 
G 66 Visual appearance Meaning bark (of dog) 
Vocality bark (of tree) 








Inasmuch as the words were presented visually, and the 
words of a pair in Groups D and F are alike in spelling but 
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different in vocality, it was necessary to designate their pro- 
nunciation in some way in order to differentiate them. It was 
entirely arbitrary as to how this was to bedone. Accordingly, 
the simplest method was chosen, namely, by spelling the words 
in syllables and indicating the place of the spoken accent by 
the usual character. This manner of designation excluded 
words which have two different pronunciations but which can 
be differentiated only by the use of phonetic symbols. It is 
probable that the majority of subjects are not familiar enough 
with these symbols to use them with facility. In addition, 
their use would have resulted in additional visual cues. 

Ideally, in Group G both words of a pair should have the 
same visual appearance and vocality but should differ in 
meaning. Because of the impossibility of designating a spe- 
cific meaning for these words without the use of context, it 
was necessary to indicate the meaning intended. This was 
done by placing the specific meaning in parentheses, as ‘bark 
(of dog)’ for one and ‘bark (of tree)’ for the other. This 
group does not adequately fulfil the logical experimental 
requirements inasmuch as subjects could react to the words in 
the parentheses, as ‘(of dog)’ and ‘(of tree)’ and disregard the 
word ‘bark’ entirely. To minimize this possibility, the words 
in parentheses were made less conspicuous by using smaller 
type. 

One of each pair of words was to be included in an exposure 
list. Both words of the pair were to be included in a recogni- 
tion list, the word not used in the exposure list serving as a 
distractor for the other. The relation between the associated 
words in a recognition list was to be constant, so that the use 
of a particular mode or combination of modes is favored. It 
is not essential that the lists be equal in length because we are 
concerned only with the relative scores made within the 
group. However, it was important to make the lists difficult 
enough to insure differentiation among the subjects. At the 
same time, it was undesirable to make them so difficult that 
the subjects would become discouraged and lose interest in 
the experiment. After preliminary trials with a small group 
of subjects, an attempt was made to make the lists of such 
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length that the average score would approximate 75 percent 
correct recognition. The number of words used in the rec- 
ognition lists for each group in the experiment proper is 
included in Table 1. 

In this experiment, where the material, the procedure, 
and the method of analysis have been definitely restricted, a 
single list of each group of words would not be sufficient for 
the solution of the problem. There were three factors deter- 
mining the number of lists: enough lists to insure a reasonable 
degree of reliability; avoidance of making the experiment too 
long; and the number of pairs of words in each group that 
can be procured. Five lists were considered sufficient to 
satisfy the first and yet comply with the second. Due to 
the third, however, only four lists could be made for Group D. 

In order to make up these lists with all the requirements 
and limitations imposed, it was necessary to disregard certain 
differences among the words, such as syllabic length, parts of 
speech, etc. No word is used twice. All the words were 
checked against Webster’s Unabridged Dictionary (7). An 
attempt was made to select from all the available pairs of 
words those which were considered to be most familiar to the 
subjects. 

The order of arrangement of the words in both lists is 
by chance except that one member of the pair of words does 
not immediately follow the other in the recognition list. The 
words in the recognition lists were numbered. The lists were 
labeled Ar, Az, A3, A4, As, B1, Bz, etc. 

To make it possible to give the experiment to a group of 
subjects at one time and to control the exposure time for 
each word, the words were serially exposed on a screen by 
means of a film and a projection machine. Light letters on 
a dark background were used instead of the more usual black 
letters on a light background. This was done to save time 
and expense but it should in no way influence the results 
inasmuch as it is a constant factor for all subjects and for 
all words. 

The exposure list was presented to the subjects. They 
were told that a series of words would be shown on the screen. 
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They were instructed to memorize the words so as to be able 
to recognize them when presented as part of a longer list. 
No instructions as to the mode of memorizing were given. 
The list was presented but once. Each word was exposed 
for two seconds. 

The recognition list was shown immediately after the ex- 
posure list. The subjects were told that all the words in the 
first (exposure) list were in the second (recognition) list, inter- 
spersed with other words. Nothing was said concerning the 
nature of the distractors. No mention was made that the 
recognition list was twice as long as the exposure list. The 
subjects were asked to indicate on a prepared data sheet which 
words were in the exposure list and which were not. They 
were told to guess whenever in doubt. Thus a response was 
made to every word in the recognition list. This list was 
also exposed but once. The exposure time for each word was 
three seconds, one second longer than in the exposure list, to 
permit the subject time to mark a check on the data sheet. 

With this manner of presentation and of recording the 
responses, very close attention was required of the subjects. 
If a subject was diverted while a word in the recognition list 
was shown, all succeeding responses would be misplaced on 
the data sheet. In an attempt to avoid this source of error, 
the assistant, operating the projection machine, called out 
the number of each word in the recognition list as it was 
presented. This may have functioned as a distractor that 
may have differentially influenced the subjects, but since it 
was done for all the recognition lists, it should not influence 
the results. 

As the majority of the subjects were not familiar with 
the experimental set-up, five preliminary practice lists were 
given in order to prevent as much as possible the variability 
in the scores that might result from this lack of familiarity 
with the testing procedure. These practice lists were similar 
to the lists in Group A in which the confusion words are 
unrelated to the words in the exposure list. No use was 
made of these data. 

The lists in the experiment proper were presented to the 
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subjects in the following order: A1, B1, C1, D1, E1, F1, Gr, 
A2, B2, etc., until all the lists were given. 

The complete battery required three hours of testing time. 
In order to offset as much as possible the effects of fatigue, 
boredom, etc., no test period was longer than one hour. 

To increase the reliability of the tests as indices of the 
ability of the subjects to memorize and recognize words, the 
experiment was repeated after an interval of two to three 
months. The average score of the two presentations was 
then taken as an approximation of the true score. 

The number of subjects present at a test period varied 
from 6 to 35, averaging about 20. A total of 202 subjects, 
121 girls and 81 boys, voluntarily completed the experiment. 
The records for 55 others were discarded because they were 
incomplete or because the subject was observed to give poor 
co-operation. The subjects were 15 years of age or over and 
had completed at least the freshman year of high school. 

There are two types of errors possible: errors of commis- 
sion and errors of omission. The first occurs when a subject 
indicates a distractor word in the recognition list as having 
been present in the exposure list; the second, when a subject 
indicates an exposure list word in the recognition list as not 
having been present in the exposure list. In this experiment 
no attempt was made to distinguish between these errors, a 
subject’s score being the total number of correct discrimina- 
tions between the exposure list words and the confusion 
words. Stencils were used to facilitate the scoring. 

The frequency distributions of the average individual 
scores of each of the lists for the two presentations are more 
or less bell-shaped and fairly symmetrical. At the present 
time it seems reasonable to assume that the ability to mem- 
orize this material is normally distributed in the experimental 
population. This assumption is identical with that involved 
in the tetrachoric correlation coefficients. While the prob- 
able error of a tetrachoric correlation is larger than the 
probable error of a Pearson product-moment coefficient, the 
slight increase in accuracy in the use of the latter does not 
justify the much greater amount of work entailed in its cal- 
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culation. Accordingly, tetrachoric correlation coefficients 
were used in this study. 

They were determined for all pairs of scores by means of 
computing diagrams (6). Each variate was divided at or 
near the median to avoid the increased margin of error when 
the division is made at either tail of the distribution. The 
correlation coefficients were read to two decimal places. They 
are recorded in Table 2. The mean correlation is .59, and 
its probable error, computed by the formula given by Kelley 
(2, p. 258), is .OS5S. 

The resulting correlational matrix of order 34 X 34 was 
factored to eight dimensions by the centroid method, follow- 
ing the procedure outlined in Appendix I of The Vectors of 
Mind (4). 

After the eighth factor had been extracted, the residuals 
had a mean absolute value of .o29 with a standard deviation 
of .036. Inasmuch as the largest contribution of the eighth 
factor to any correlation was only .06, and any further factor 
would probably contribute less, no further analysis was made. 

These factors, described in terms of the arbitrary orthog- 
onal axes of the centroid analysis, are not psychologically 
meaningful. However, a meaningful solution is obtained 
when the factorial matrix has been rotated so that the num- 
ber of zero entries is maximized and so that the non-vanish- 
ing entries are positive. In this study the graphical method 
(4) was used in an attempt to transform the arbitrary orthog- 
onal matrix of the centroid analysis into orthogonal simple 
structure. 

Since the resulting transformed factorial matrix (Table 3) 
is orthogonal, the factors are independent of one another. 
It will be noticed that there are no zero entries in the first 
column of this matrix, indicating that the orthogonal struc- 
ture found is not overdetermined and therefore not unique. 
However, the orthogonal structure found does not seem un- 
reasonable. All of the tests in the battery are similar in that 
they involve the visual perception, memory, and visual rec- 
ognition of words; all were appraised in the same manner, 
etc. As is to be expected, all of the correlations are positive 
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and fairly high. In fact, if the transformed matrix did not 
show a general factor in this experimental set-up, we might 
well question it. 











TABLE 3 
TRANSFORMED ORTHOGONAL Matrix 
Variable I II III IV Vv VI VII VIII 
ee 72 —.O1 .13 — .05 21 00 32 | —.07 
ere 77 — .04 — .06 II 30 22 00 OI 
a ede oid 65 07 .03 23 36 40 20 06 
| Pr 67 —.15 | —.15 10 27 05 36 24 
| eer 82 —.15 — .02 .O4 25 29 O4 08 
NS 4h we 81 06 o5 | —.OI 40 12 00 | —.03 
eee 81 — .02 Ol .0O 07 43 03 —.07 
ds toda 82 .02 o2 | —.06 05 37 | —.05 07 
eres 82 —.09 04 | —.06 12 .16 13 23 
eee 82 —.OI 12 04 05 36 | —.04 22 
+ re 79 —.09 03 —.12 25 14 07 | —.12 
ear 84 03 — .04 o5 | —.10 05 23 —.05 
Pre 71 03 — .05 —.07 | —.02 31 — .03 38 
ee 74 —.15 —.04 | —.02 14 23 20 13 
Dstuases 79 — .03 —.07 12 13 17 06 19 
D1 37 35 13 —.05 21 13 — .02 24 
D2 57 46 13 —.17 | —.04 16 25 00 
D3 43 44 05 05 06 57 26 06 
D4 56 32 | —.05 .OI 00 35 26 18 
—— Fa 72 ol 30 15 12 09 29 | —.33 
ee 75 07 28 9 | —.05 | —.06 28 03 
eee 75 02 59 .8 | —.O1 —.05 03 05 
ae 71 00 18 21 34 20 23 — .02 
 eereere 64 10 53 I | —.0o1 26 06 II 
peer 54 51 .07 .08 02 28 og | —.04 
Divsesbaea 58 63 13 22 04 I2 | —.04 | —.05 
eee 41 53 13 — .04 34 03 05 40 
er 61 65 — .04 10 02 07 17 | —.05 
ere 61 57 04 .08 09 04 | —.06 17 
erry 64 ol 07 54 10 | —.02 37. | —.05 
RS ncmne 63 — .04 IS 50 00 27 28 03 
ees 68 07 02 .36 04 o9 10 36 
eee 83 re) | —.02 43 o9 02 06 ol 
ae 72 03 10 33 08 02 15 25 





























The interpretations of the psychological significance of all 
of the factors in Table 3 cannot be made with certainty. 
There is, of course, no necessity to name and define them, but 
unless it is possible to do so their isolation is not of much 
psychological significance. Therefore tentative interpreta- 
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tions will be made, if possible. These are not to be consid- 
ered as final definitions of the factors, but rather as in the 
nature of further hypotheses requiring verification. 

Factor I has large and significant loadings on every test. 
It is, therefore, a general factor for these materials, and it is 
possible that it may have a wider degree of generality than 
is indicated by these tests. With the present experimental 
set-up there is no way to determine sharply the limits of this 
factor. For the present, it can only be defined in terms of 
the general characteristics of these materials and operations. 
Accordingly, it is termed a general recognition memory factor 
for words of these characteristics. 

In a recent comprehensive study Thurstone (5) includes 
in a battery a recognition test of individual words with spe- 
cially selected lists of distractors. He reports that a factor 
M (memory) and a factor Wi (word facility) each have 
appreciable loadings on this test. Inasmuch as there were 
no tests included in the present battery which did not involve 
the use of words and memory, it is impossible to isolate similar 
factors in this study. If the tests in the present battery had 
been included in Thurstone’s study, it is possible that the 
general factor found in this study would have been split up 
into his memory and word facility factors. 

The simplest explanation for Factors II, III, and IV is 
that specific visual cues are involved ineach. However, there 
are alternative explanations for Factors II and IV, and these 
will be discussed individually. 

An alternative explanation for Factor II is that it may 
be a restricted vocality factor. This factor has high loadings 
for all the tests of Groups F and D and for none of the others. 
In the tests of Group F the exposure word and its distractor 
differ only in vocality; in the tests in Group D, they differ in 
vocality and meaning. In both groups the related words 
differ in vocality, and there is, therefore, some justification 
for naming it vocality. It would not be surprising to find 
vocality is a function involved in the visual recognition mem- 
ory of words in this experiment for a number of the subjects 
were observed to move their lips, silently enunciating the 
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words in their attempt to memorize them. But since vocality 
might also have been used to advantage in tests in Groups A 
and C a vocality factor might be expected to have loadings 
in the tests in these two groups if individuals were consistent 
in enunciating all the words. Factor II has zero or very 
small loadings on these tests, and therefore defining this factor 
as vocality might well be questioned. 

The pairs of words in Groups A and C differ in vocality. 
It does not follow, however, that because certain cues are 
present they will necessarily be used. The subjects will un- 
doubtedly have a tendency to use whichever method makes 
it easiest for them to differentiate the words of a pair. Since 
the words were presented visually, it is probable that the 
majority of the subjects attempted to use visual cues. By 
means of visual cues, it is possible to distinguish fairly readily 
between the words of a pair in the lists in Groups A, B, C, EF, 
and G. On the other hand, the related words in Groups F 
and D are alike in spelling, differing (from the standpoint of 
vision) only in syllabication and in position of the accent 
mark, and cannot be distinguished as readily on the basis of 
vision. It would appear, then, that vocal cues were used to 
advantage in this experiment only when the visual cues were 
not adequate. 

Factor III has large loadings on tests E3 and E5; the 
next highest loadings are on E1, E2, and E4, in the order 
named. In these lists the only difference between the re- 
lated words is in spelling. Accordingly, the subjects could 
not distinguish between them if they used vocality or mean- 
ing, but they could if they used visual cues. Visual cues is 
a class name for visual distinctions, and there may be a num- 
ber of these visual cue factors. Since it would be of interest 
if the visual cues involved in this factor could be specifically 
determined, the material comprising these tests was further 
investigated. This revealed that of these tests E3 has the 
largest number of pairs of words with the same letters but 
with an inversion of the letters ‘e’ and ‘r,’ whereas E2 and 
E4 have the smallest number, and E3 has the smallest aver- 
age number of letters not common to the words of a pair, 





FACTOR ANALYSIS OF MEMORY ABILITY 489 


whereas E2 has the largest average. This would seem to 
indicate an ability to utilize the internal structure of the 
words, or the arrangement of the letters, as contrasted with 
grosser visual cues and non-visual cues. While this is not 
proof that these cues are the only ones involved in this visual 
factor, it is suggestive that they are at least involved. 

The fourth factor has large and significant loadings in 
all the tests in Group G and in no others. As has been 
pointed out, this factor may indicate an ability to use a 
specific visual cue. An alternative explanation, however, is 
that it indicates an ability to utilize a specific meaning in the 
memorization and recognition of a word. Since meaning 
could also have been used to advantage in the tests in Groups 
A, B, and D, why did this factor not have significant loadings 
in these tests? There are at least two possible explanations, 
the correctness of which can only be determined by further 
experimentation. In the first place, the subjects may have 
found it convenient to use meaning when it was specified, as 
was done in the tests in Group G, but found it easier to use 
another method when the meaning was not given explicitly. 
Because meaningful cues are present does not mean nec- 
essarily that they are or must be used. ‘The second expla- 
nation, to which the writer would lean, is that a different 
function is involved when a subject passively uses meaning 
when it is specified for a word than when a subject actively 
recalls and uses the meaning of a word even though it is not 
specified, as must be done if meaning is to be used in the 
tests in Groups A, B, and D. It is reasonable to assume that 
there are many more individuals who can appreciate the 
meaning of an object or event when it has been pointed out 
to them than there are individuals who have originality 
enough to determine of their own efforts the meaning of the 
object or event. The two meaning abilities may be uncorre- 
lated in which case another factor would be expected to be 
found that may be interpreted as active meaning. Such a 
factor may be VI. 

The remaining factors, except Factor VI, are less sig- 
nificant than the preceding ones, and they probably cannot 
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be differentiated from the variable errors and certainly cannot 
be named with confidence. It is probable that the data did 
not justify the number of factors extracted from it. In the 
preceding factors the interpretations were made as though 
the only source of incorrect response is to be found in the 
relation between the paired words. It is obvious, of course, 
that there are other sources of erroras well. If similar sources 
of error are present in two or more tests, but not in all the 
tests, the end result may be a factor whose nature is not 
readily discernible from the tests in which the factor has 
loadings. There were occasional disturbances in the corridor 
due to basket ball games, etc., which could not be controlled. 
The recognition tests used in this experiment are particularly 
sensitive to these external distractors because of the manner 
of presentation and of recording the responses. Since the 
number of subjects present in a group at one time varied 
from six to thirty-five, it is probable that the subjects in one 
or more of these small groups were influenced by external 
distractors on certain tests and noton others. ‘The end result 
may be a factor or factors whose nature would not be evident 
unless a comparison could be made with the tests being given 
at the time such external distractors occurred, but this cannot 
be done since no record was kept of these distractors. With 
these and other considerations in mind it would be surprising 
if all the factors could be satisfactorily interpreted. As a 
matter of fact, no interpretation making psychological sense 
could be made for Factors V, VII, and VIII. 

As suggested in the discussion of the fourth factor, the 
sixth factor may be interpreted as ‘active meaning.’ This 
factor has significant loadings on the last two tests in Group 
D; on the second, third, and last of Group B; and the third 
test in Groups Aand C. This factor may indicate an ability 
to learn to utilize the meaning of a word in its memorization, 
even though that meaning is not explicitly given, since in all 
the tests in Groups A, B, and D meaning could be utilized 
to discriminate between the exposure word and its related 
word in the recognition list, and since this factor does not 
have significant loadings in the first two tests of Groups A 
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and D, and the first test in B. This learning would imply a 
more or less active attempt on the part of some of the sub- 
jects to use meaning for the memorization of a word under 
the conditions of the experiment. It is the opinion of the 
writer, therefore, that there is some justification for inter- 
preting this factor as ‘active meaning’ or some comparable 
term. This interpretation, however, can only be tentative 
subject to verification as there are a number of objections 
to it. The presence of a loading on test C3 would require 
explanation, as would also the absence of loadings on B4, Aq, 
and As, and the fact that D3 is greater than D4. In C3, 
even though the related words are synonyms, there never- 
theless is some shade of difference in their meaning, and it is 
possible that a number of words in the exposure list have 
other more familiar associations for some of the subjects than 
the synonymous distractor word used, in which case meaning 
might be used to advantage. The explanation of the other 
discrepancies is not so apparent. 


CONCLUSIONS 


The assumptions were made that memory may be divided 
into rote and logical memory and that rote memory may be 
further divided into visual and vocal memory. Since the 
interpretations of the factors found are equivocal the truth 
of these hypotheses is not definitely established. 

The simplest interpretation of Factors II, III, and IV is 
that they are three different visual factors. If this is correct, 
the experiment demonstrates that there are a number of visual 
memory factors instead of the single visual factor postulated. 

An alternative interpretation for Factor II is that it is 
vocality. If this is correct, it would appear that the subjects 
resorted to vocality under the conditions of the experiment 
only when vocal cues were emphasized and visual cues were 
minimized. 

An alternative interpretation for Factor IV is that it is a 
logical factor in which meaning is explicitly given. If further 
research verifies this, and the tentative interpretation of 
Factor VI as being a logical factor involving learning to use 
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the meaning of a word even though the meaning is not ex- 
plicitly given, it would appear that logical memory is itself 
not unique, but rather complex. 

If the alternative interpretations of Factors II and IV are 
correct and if Factor III is a visual factor, the experiment 
has differentiated between a rote and a logical factor, and the 
rote factor is further subdivided into a visual and a vocal 
factor as postulated. 

From the statistical analysis, it appears that a general 
factor, common to all the tests in this battery, is by far the 
most important single factor involved in the memory of words. 
Further research will be necessary to demonstrate whether 
this factor has a greater degree of generality than is indicated 
by the tests included in this battery. 

Three factors appear whose psychological significance is 
not apparent. 


(Manuscript received May 27, 1937) 
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AN EXPERIMENTAL DEMONSTRATION OF 
REGRESSION IN THE RAT 


BY MARJORIE JANE SANDERS 


University of Minnesota 


I. INTRODUCTION 


The terms ‘fixation’ and ‘regression’ have long been used 
as applying to certain abnormal aspects of human behavior, 
and more recently there have been various types of study 
including them in the terminology describing animal beha- 
vior. Hamilton and Krechevsky (8) describe an experiment 
with rats in which shock produced a complete fixation upon 
one mode of behavior, and further found evidence to support 
the view that this fixation, at least in some cases, was in the 
direction of an earlier learned pattern. Everall (2) has 
recently added data to strengthen this position, while Martin 
(10) reports failure to demonstrate regression. Studies of the 
more general phenomenon of fixation include work by Gil- 
housen (4), who found that rats fixated upon a learned long 
pathway to food even when a shorter pathway was open to 
them; by Elliott (1), who suggests that strong motivation 
may be a fixating agent; and by Hamilton and Ellis (6, 7) 
showing fixation to be a function of cortical destruction. 
Krechevsky and Honzik (9) found fixation, or lack of docility 
in behavior, resulting from excess training on one pathway of 
a maze. An experiment by the present writer (12) showed 
that fixation upon a single response could be produced by 
shock in animals trained equally in two modes of response 
(1.e. simple alternation). 

Tolman and Krechevsky (14) suggest that the study of 
fixation and regression is a study of the laws of unlearning, 
defining this unlearning as ‘the reversion back from a more 
specific hypothesis to a more general means-end-readiness.’ 
In the sense used here, the reversion is caused by a disrupting 
stimulus situation, and the behavior pattern emerging is the 
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one most dominant in the disturbed organism. Tolman and 
Krechevsky also indicate that native factors may be signifi- 
cant in making one pattern or hypothesis dominant over the 
others. This is a thesis which we shall uphold. Further, the 
apparent necessity for a disrupting factor in initiating regres- 
sion suggests that regression is caused by an emotional con- 
dition. We shall refer to this point later. 

For the purposes of this experiment, the definition of 
regression given by Hamilton and Krechevsky (8) is probably 
the best: 

“Regression may be defined as a reversion to an earlier, well-established mode of 
behavior, and persistence in that mode despite the relative inefficiency of that behavior 
in solving the problem confronting the organism. Further, regression has been 
assumed to arise when the individual is placed in a strong emotional situation.” 
Moreover, we wish to add to this definition the possibilities 
that regression is to a form of behavior lower ontogenetically 
(Wells (15) suggests this in his discussion of the genetic aspect 
of regression), that it is not docile, and that the adjustment 
may not be adaptive by any objective standard. 

The experimenter has attempted, first by training the 
animals in two patterns of response, one following a genetic 
‘bias’ of the animal and the other the opposite of this bias, 
and then by subjecting them to various conditions calculated 
to create an emotional disturbance, to isolate the behavior 
phenomenon regression, and to discover something of its 
nature and the conditions under which it occurs. 


II. Apparatus, ANIMALS, AND PROCEDURE 


A walled maze, shaped in the form of a cross, was the apparatus used here. (See 
Fig. 1.) The two routes to food, A4BCEF and ABDEF, are spatially of equal length, 
but by detaining the animals for various periods of time in the chamber set off by 
gates G, and G2, the paths may be made temporally different. These gates were so 
arranged that the experimenter (at X) could raise or lower them at will. An electric 
grid covered the floor of the alley 4B at all times. Other pieces of apparatus, used 
at different points during the procedure, will be described later. 

Five male rats, 2 to 3 months of age and previously untrained, were used in this 
experiment. 

Preliminary training.—On days 1 and 2 the animals were placed in the apparatus, 
with all gates open, and were allowed to become thoroughly familiar with the situation. 
On the third day, each animal found food at F after the period of exploration. Train- 
ing began on the fourth day. 

For ten days, each animal was allowed to run through the apparatus ten trials 
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a day, with food at F after each run, and with both gates open. At the conclusion of 
the ten-run series, the rats were fed their day’s rations. This schedule of ten trials 
followed by feeding was maintained throughout the experiment. 
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Fic. 1. Diagram showing floor plan of apparatus used. 


Since during these first trials both the left and right paths were equally accessible 
to food, we may assume that a predominance of one choice over the other is condi- 
tioned by any natural position or turning preference the animal may have. The 
differences between the percentages of left and right choices made by the animals 
were found to be statistically significant in every case. The formula used was Yule’s 
formula for finding the critical ratio, C. R. = D/oD.1 Table 1 shows the critical 
ratios obtained by this method. 

As the result of experimentation by Yoshioka (16, 17) and Gengerelli (3), position 
preferences may be regarded as unlearned modes of response. Since the purpose of 





1Yule, G. V. An Introduction to the Theory of Statistics, 1924, pp. 269. For- 
mula 6. 
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this experiment is to find whether an animal reverts from one reaction pattern to an 
earlier (possibly an inherited) one under conditions of stress, the advantage of having 
the earlier pattern based on an unlearned tendency is apparent. Thus the natural 
tendency shown by the animal was made his pattern I (see Table 1). It was strength- 
ened by making it the temporally shorter path to food. 


TABLE 1 


SHOWING THE C. R. or THE D. BETWEEN THE R AND L CHOICES, AND THE RESULTING 
First AND SECOND PATTERNS OF THE DIFFERENT ANIMALS 























Rat No. a | D. C.R. Pat. I Pat. II 
I 71 29 42 6.58 L R 
2 83 17 66 12.21 L R 
3 87 13 74 15.57 L R 
4 65 35 30 4-44 L R 
5 39 61 22 3.18 R L 























Experimental training.—Each animal was given ten runs a day with a five second 
wait in the delay chamber if the ‘correct path’ (1.¢., the path preferred in the pre- 
liminary trials) was taken, and a ninety second wait if the opposite, or wrong path 
was selected. Training continued until the correct path was chosen for 90 percent 
of the runs on four successive days, or until 36 out of 40 consecutive trials were in the 
direction of the natural tendency (pattern I). Then the rats were trained in the 
pathway opposite to that first chosen. We shall refer to this as pattern II. The 
reversal was accomplished by switching the delay periods, so that the long delay 
followed a choice in the first pattern. The same criterion used for pattern I was also 
used here, 1.¢., gO percent correct choices on four successive days. Critical experi- 
ments were then begun. 


III. ExprermImMENTS 


Before beginning a discussion of the experiments, we be- 
lieve it is necessary for the reader to recall that the animals 
now had two behavior patterns, with the evidence in favor 
of the view that one (pattern I) was based on an unlearned 
tendency, and the other (pattern II) was artificially set up. 
At any rate, the two had been strengthened by training to 
the same level of efficiency. After the ‘natural’ pattern had 
been learned, it was discarded for the second pattern, which 
now became the optimal method of obtaining food. The 
purpose of the experiments now becomes apparent—to see 
how the balance between these two patterns is affected (4) 
by electric shocks within and (B) by electric shocks outside 
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of the apparatus; (C) by the use of a loud sound; (D and £) 
by the injection of drugs; and (F and G) by various degrees 
of training on the two patterns directly before the shock 
stimulus is introduced. 

No control group was used in this study, because the ex- 
perimenter feels it may be safely assumed that, if no changes 
had been made in the situation, the animals would have 
continued to run in the optimal path (1.¢., the path best from 
the standpoint of obtaining the food reward in the most direct 
way) for an indefinite period of time, regardless of whether 
that path followed their natural tendency. 

Directly subsequent to each of the experiments discussed 
below (with the exception of experiment F), the animals were 
retrained in pattern II until the criterion discussed above was 
again reached. Even in cases where the test situation had 
no discernible effect, this precaution was used so that the 
animals entered each new situation with the same training. 
Thus at the outset of each experiment (with the exception of 
G) pattern II was objectively dominant. Critical experiments 
were taken up in the following manner: 

A. As soon as patterns I and II had been learned, each 
animal was run in the apparatus just as before, except that 
an electric shock? was given to the rat as he ran the path 
AB. This constitutes test 1. With the exception of this 
shock just preceding each of the ten choices on the test day, 
procedure remained the same as during the pattern II training 
series—the rats were delayed five seconds if they selected 
the correct path, and ninety seconds if they selected the 
wrong path. On the following days, the animals were re- 
trained in pattern II (no shock given) until they again reached 
the criterion previously used, when a second test series, like 
the first in every detail, was inserted. 

From a consideration of Table 2, we can see that, in the 
case of four of the rats, the shock had a definitely precipi- 
tating effect on their behavior, and that this precipitation was 
in the direction of pattern I. These results are quite in line 


2 500 volts passing through 3,000,000 ohms resistance, or a current of about .19 
milliampere. 
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with what we would expect if regression took place, a rever- 
sion, under conditions of stress, from a newer, more recent 
mode of behavior to an earlier pattern. 


TABLE 2 


SHow1nc Runs MapeE on TESTS I AND 2 AND ON THE Days just PRECEDING THE 
Test Days. ExpEerRmMmENT 4 
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But the results might also be considered quite adequately 
under the conditioning concept of disinhibition. According 
to this view, the pattern first learned was a trace conditioned 
reflex, pattern I being preferred to pattern II because of the 
stronger inhibition of delay resulting from choices in pattern 
II. By the same means, pattern II took the place of pat- 
tern I, simply because the experimenter caused the longer 
delay (ninety seconds) to follow turns in that direction (pat- 
tern I) and the shorter delay (five seconds) to follow turns 
in pattern II. The disinhibition occurring here would be the 
release (by extraneous stimulation) of the inhibition of delay 
built up against pattern I. This reasoning agrees with Pav- 
lov’s concepts of trace reflexes, inhibition of delay, and dis- 
inhibition (11). A similar description of disinhibition is given 
by Skinner (13), except that the inhibition released is not 
inhibition of delay, but another form, extinction. On the 
basis of results in this experiment we cannot refute the con- 
ditioning explanation, but an experiment to be discussed later 
leads us to doubt its adequacy in this study. 
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Before going on to other experimentation, we must con- 
sider briefly the case of rat no. 1. As Table 2 shows, this 
animal did not revert to pattern I, as did the other animals, 
but rather held, on 8 of his 10 choices, to pattern II]. This 
occurred in both of the test series. Another unusual thing 
also happened. On the day following test series 1, this ani- 
mal reverted to pattern I on g of his 10 runs. Since the 
animals were not run for a week after the conclusion of experi- 
ment 4, we cannot be certain that this same reversion would 
have occurred after test series 2, but a few runs without shock, 
directly following test 2, lead us to believe that the same thing 
would have happened had rat no. 1 been run on the following 
day. A possible explanation of this will be considered later. 

B. The second experiment was designed to determine 
whether an electric shock outside the apparatus would cause 
the same reversion precipitated by the shock administered 
within the apparatus. For this, a small covered box, 54’ 
xX 6” X 12’, the floor of which was a charged grid, was used. 
On the day of the test trials, each rat was placed in the box 
and subjected to an electric shock for ten seconds, then re- 
moved directly to the apparatus. The procedure was re- 
peated on the nine succeeding runs of the series. While the 
situation caused very evident disturbances, the behavior 
pattern was very little affected by this procedure. None of 
the animals made more than two of the ten choices in the 
direction of pattern I, and one animal (No. 4) chose pattern 
II on all ten runs. Since the lapse of time between the shock 
and the animal’s presence in the apparatus was very short 
(never more than two seconds), and since the emotional dis- 
turbances resulting from the shock were present during all of 
the time that the animal was in the maze situation (the 
criteria of this emotionality were those used by Hall -(5), 
defecation, urination, etc.), we may conclude that failure to 
obtain reversion to pattern I in this situation was not due to 
the rat’s recovering from the effects of the shock so much as 
it was due to the fact that the disturbing stimulus was outside 
the apparatus, and not ‘bound up’ intimately enough with 
behavior at the choice point to cause any such reversion as 
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in experiment 4. Disturbance was undoubtedly present, but 
it was apparently not so critical or so disrupting as in the 
previous experiment. 
TABLE 3 
SHowinc Runs on Test Day anp Day Precepinc. Experiment B 
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C. The problem in this experiment was to see if a loud 
noise, occurring as the rat approached the choice point (B), 
might also initiate the reversion. For this purpose, an elec- 
trically operated bell was suspended about twelve inches above 
point B in the maze. As soon as the animal started along 
alley AB, the bell began to ring, and continued until the rat 
had made his choice. This procedure was followed for all 
ten trials of the test series. 


TABLE 4 
SHow1nG Runs on Test Day anp Day Precepinc. Expertmment C 
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The runs made by the rats in this test (see Table 4) indi- 
cate an aspect of the question also suggested by the first 
experiment. Two of the animals showed a definite reverting 
tendency, two others showed no disruption in their behavior, 
and the runs of the fifth rat (No. 2) were divided between the 
two patterns in what may be regarded as a chance split. 
To the experimenter, this data, plus the reversion of rat no. I 
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on the day following the test series in experiment 4, suggests 
the possibility that a very delicate equilibrium is maintained 
between the two modes of response offered by the situation, 
and that this balance may be easily upset. 

D. The fourth experiment was to determine whether in- 
jections of caffeine would have a disrupting effect on the rats’ 
behavior. For four days just preceding the test trials, the 
animals were given .§ cc. of physiological salt solution by 
subcutaneous injection directly before they were placed in the 
apparatus. This was to make certain that any disturbances 
which might be found could be ascribed to the caffeine and 
not to the hypodermic. On the fifth day, each rat was given 
.25 mg. of caffeine per kilogram of body weight, ten minutes 
before he was placed in the maze situation, and on the sixth 
day, the dosage was increased to .5 mg. per kilogram of body 
weight. As Table 5 shows, there was no observable differ- 
ence in the runs on those days as compared with the day just 
preceding. 

TABLE 5 


SHOWING Runs on Test Day anp Day Precepinc. Experiment D? 
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3 Rat no. § was not subjected to this experiment as he had not reached the cri- 
terion again after the previous test. Since no disturbances were noted in the behavior 
of the other rats, it was not considered necessary to test him in this situation. 


E. Since among the effects of adrenaline is a stimulation 
of the receptive mechanism of the sympathetic system, it was 
thought that possibly adrenaline injections might produce an 
emotional disturbance like that found with electric shock and 
in some cases with noise. To this end, subcutaneous injec- 
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tions of adrenaline (epinephrine hydrochloride) were given, 
preceded of course by injections of salt solution on three days. 
On the first test day, the rats were given a hypodermic of 
.o5 cc. of Parke & Davis I : 1000 adrenaline and .45 cc. of 
salt solution. On the second test day, the injections were 
.§ cc. P. & D. 1 : 1000 adrenaline. As Table 6 shows, neither 
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of the injections had any behavioral effects. No physiologi- 
cal effects (¢.g., blanching of ears and nose, increased heart 
rate, etc.) were observable after the first injection, and only a 
very slight blanching of the ears was present after the second. 
While it may be argued that the absorption from subcutane- 
Ous injections is so delayed by the vasoconstrictor effects of 
adrenaline that the response is quite slight, we may consider 
that, with such a large dose as was administered on the second 
day, enough would have been absorbed to produce some reac- 
tion. We must therefore assume that adrenaline did not in 
this case produce emotional disturbance sufficient to cause an 
upset such as that caused by electric shock. 

F. This experiment is virtually a repetition of 4, except 
that the amount of practice on pattern II in proportion to 
that on pattern I is greatly increased. As Table 7 shows, at 
the time of this test series, pattern II was a great deal stronger 
than pattern I, from the standpoint of the frequency with 
which it had been practiced; furthermore, since the time when 
pattern I had been practiced (1.¢., had been the correct re- 
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sponse to the situation), pattern II had been overlearned. 
Thus also from the standpoint of recency pattern II was 
dominant. The only factors favoring pattern I were its pri- 
macy and its nativeness, both of which might be regarded as 
doubtful benefits when compared with the factors of fre- 
quency and recency supporting pattern II. Pattern I had 
been the wrong choice for at least 500 training trials just 
preceding this test, and if we were to count all of the test 
trials inserted, some of which had no observable effects on the 
rats, and which served in all probability merely as further 
training runs, our total of uninterrupted practice runs on 
pattern II would be quite a bit greater. On the basis of 
training runs only, from the conclusion of the first experiment 
to the beginning of the present one, we have very definite 
evidence of what would constitute overlearning of such a 
simple habit as a single turning response. 

Test trials followed the same procedure as in experiment 
A, but only one test series was given. A consideration of 
Table 7 shows that in spite of this increased practice on 


TABLE 7 
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pattern II, the shock caused a sudden and almost complete 
reversal to pattern I. Furthermore, in cases where this re- 
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version was not 100 percent, the choices in the direction of 
the second pattern (in this and in other experiments where a 
reversal occurred) were always the first choice or choices in 
the series. In other words, if L = pattern I and R = pat- 
tern II, the ten runs of rat no. I on the test series were 
RRRLLLLLLL, in that order. This fact might possibly shed 
some light on the problem of how regression occurs. 

G. This experiment was planned to test the adequacy of 
the conditioning explanation of the phenomenon isolated in 
these experiments. As we said before, the reversion which 
was obtained under some of the conditions described above 
might very well be explained as disinhibition, or the release 
of a reflex from inhibition (here, of delay), this release being 
the result of extraneous stimuli. If this were a satisfactory 
explanation, by retraining the rats in pattern I and by then 
giving an electric shock on grid 4B, we would expect a rever- 
sion to pattern II, an inhibition to which was built up as the 
result of the longer delay now following a choice in pattern II. 

To this end, the rats were retrained in pattern I directly 
following experiment F, and were then given an electric shock, 
as in experiments 4 and F. By the time the criterion had 
been reached, the number of choices in the two habits during 
training trials was nearly equal, and in no case did runs in 
pattern I exceed those in II by more than a very few trials. 
Further, since we found that a very definite reversion occurred 
in experiment F, which was directly preceded by an over- 
learning of the second pattern, and which took place when the 
total number of training runs was ‘loaded’ in favor of the 
second pattern, we feel justified in expecting a reversal of 
pattern to occur as successfully here as in the previous experi- 
ment, provided we consider the conditioning explanation 
adequate. But if we believe that the phenomenon we have 
found here is regression as we define it, a reversion to behavior 
pattern II would invalidate our reasoning. Regression, by 
our definition, must be to an earlier mode of behavior, inde- 
pendent of the adequacy of that response in the situation. 
Whether this earlier mode of response must ontogenetically 
precede the second mode, or whether both may merely be 
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learned responses, are questions which will be considered later; 
the experiment at hand is to determine whether the shock 
caused disinhibition or regression, as those terms are here 
defined. 

Table 8, besides presenting data on the total choices made 


TABLE 8 
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during the experiments, also gives the individual records on 
the test day and on the days just preceding and following.‘ 
We can see very definitely that there was no reversal to pat- 
tern II, as we would expect if disinhibition took place. We 
have instead a complete fixation upon pattern I. The same 
emotional disturbance was present during this series as during 
the shock trials of earlier experiments, but we may infer that 
there was no change in the direction of running because the 
rats had nothing earlier to which they might revert, unless it 
was to cessation of all movement (see Wells (15), p. 857). 
This very thing did occur moreover, in the case of rats no. I 
and 5, in several of their trials.5 When these rats refused to 
go on in the maze situation for four minutes or more, it was 


‘The records are included for the day following the test series to demonstrate 
that no reversion took place here as in the one instance during experiment 4. 
5 This happened on 7 runs of no. 1 and g runs of no. 5. 
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necessary to remove them, but they were, on each occasion, 
given a nibble of food before being again placed in the maze, 
to keep the reward situation constant. Also, they were never 
removed before they had made a choice at B, so that we have 
a complete record of the choices on these trials. All of this 
evidence gives credence to the experimenter’s belief that what 
occurred was regression due to emotional disturbance, and 
not disinhibition. 


IV. ReEesutts AND Discussion 


Before going on to a consideration of the results obtained, 
the writer wishes to point out that while the actual numerical 
values obtained may not be reliable because of the small 
number of animals used, the tendencies shown are far above 
chance. Further, the study of regression must necessarily 
be the analysis of the records of individual rats, for this phe- 
nomenon is apparently an emotional thing, and has specific 
effects upon the different animals. Thus because of the 
uniqueness of the phenomenon the experimenter feels justi- 
fied in making tentative statements even on the basis of so 
few cases. 

Many things which occurred during the experiments tend 
to postulate this uniqueness. Let us consider rat no. I first. 
On the day of the first test series in experiment 4, he showed 
no tendency toward reversion, while on the day following the 
test series, he reversed so that 90 percent of his choices were 
in the direction of pattern I. He also showed evidence of 
repeating this on trials subsequent to the second test series. 
His RRRLLLLLLL series in experiment G might be inter- 
preted that the effects of the shock were cumulative, rather 
than immediate. This, together with the very divided re- 
sults obtained using the bell as the disturbing stimulus, sug- 
gests that there is a certain specificity of action about regres- 
sion in individual cases. 

We do not wish to dwell upon exceptional cases which 
occurred, but the implications which they make are too im- 
portant to be overlooked. The facts cited above indicate 
that the relation of the two patterns is a very dynamic sort 
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of equilibrium, the balancing factors of which have been 
studied too little thus far. 

The failure to obtain regression under the conditions of 
experiments B, D, and £, and the partial failure in experi- 
ment C also present very interesting possibilities. In the case 
of B, we may consider that the disrupting stimulus was not 
enough a part of the response situation to be critical, or that 
the law of contiguity was violated with regard to space at 
least, if not also to time. Experiment C suggests the part 
that individual differences may play in regression. It is quite 
reasonable to expect that an arbitrarily chosen disrupting 
stimulus would not have the same effect upon all animals. 
This is fully borne out by a qualitative analysis of the reac- 
tions of the various animals used. Those rats that main- 
tained pattern II as the dominant one in the situation showed 
far less ‘fear’ and ‘anxiety’ toward the novel factor than did 
those reverting to pattern I. Also, they spent more nearly 
the normal amount of time in running the series, and showed 
little of the hesitation in entering or leaving the delay box 
manifested by the regressing rats. With regard to experi- 
ments D and E, the administration of stimulants, especially 
adrenaline, might be expected to cause disturbance, and the 
fact that it did not may be interpreted two ways: either the 
process of absorption was so retarded that no response was 
discernible; or the stimulation was present, but was not ‘criti- 
cal’ enough to produce a behavioral disturbance. Of these 
two, the writer is in favor of the second explanation. 

The results of experiment F tend to invalidate the claims 
of other experimenters on the problem, that the greater 
strength of the second pattern due to practice causes fixation 
on that habit instead of regression to a previous one. This 
idea is offered by Martin (10) as a possible reason for his 
failure to obtain regression, by Krechevsky and Honzik (9), 
who suggest that perseveration is a result of greater frequency 
in the opposite path, and by Hamilton and Krechevsky (8), 
who, in training their animals, purposely made pattern I 
stronger than pattern II from point of frequency,' to facilitate 


‘Hamilton and Krechevsky trained the rats to a high criterion in pattern I, 
and in pattern II only until the animals showed a tendency to adopt it (12 turns in the 
direction of pattern II out of 50 consecutive free runs). 











508 MARJORIE JANE SANDERS 


the occurrence of regression. But in the present study, re- 
gression occurred from a habit which had been overlearned, 
to one which had been ‘learned’ only once. The best expla- 
nation of this is that the first pattern was one for which the 
organism had a genetic bias, while the second was in the 
opposite direction from that bias, and that the genetic factor 
somehow makes a pattern stronger irrespective of practice. 
A critical test of this idea would be to train animals from 
the beginning in the pattern opposite to their natural prefer- 
ence, to see if shock produced a fixation upon the learned 
pattern or a reversion to the unlearned. A study of this sort, 
together with the evidence offered in the present experiment 
that any reversion resulting would be regression and not 
disinhibition, would present crucial data to answer this 
question. 

Experiment G substantiates the belief that the animal 
regresses to a behavior ontogenetically of a lower level. The 
fact that the rats kept on running in pattern I may be inter- 
preted to mean that they had no lower level to which they 
might regress, and consequently fixated upon the pattern with 
which they had been responding. The fact that some of the 
rats refused to run at all may be because cessation of all 
activity, or ‘freezing to the spot,’ is a still lower level of 
response than the natural turning preference. By this reas- 
oning, these were cases of regression also. The rats had no 
earlier active response in the situation to which they could 
revert, so they went ‘from a more specific hypothesis to a 
more general means-end-readiness,’ which is Tolman and 
Krechevsky’s definition of regression (14). 

The advantage of having a simple situation, although 
questioned by Martin (10), seems to the experimenter to be 
quite apparent in the light of the results. Martin used the 
hypothesis concept of Krechevsky, and also the same appara- 
tus, an insolvable multiple discrimination box. The animal 
chose an hypothesis, and then a constant pattern was used, 
which employed cues the opposite to those preferred by the 
rat in his first hypothesis. In view of Martin’s failure to 
demonstrate regression to the first hypothesis, we may tenta- 
tively conclude that this ‘unit’ of behavior is not genetically 
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characteristic of the organism. The extremely dynamic na- 
ture of the hypothesis would lead us to suspect that this 
explanation is in part correct. It is known that the hypothe- 
sis would soon have been abandoned for another had no 
change been introduced in the insolvable situation. Further- 
more, it may be that the complications found in the hypothesis 
situation would be such as to obscure any regressing tendency 
which might be present. The most probable reason, how- 
ever, is that a simple turning preference would more than 
likely be the sort of thing regressed to; its very simplicity 
would recommend it. Martin criticizes the use of a maze 
with only two alternatives on the grounds that the regressive 
responses would be due to ‘a reaction against the other alley 
(rather than) to an actual positive attraction of the former 
habit.” The writer feels that this argument has been elimi- 
nated by experiment G, in which the response to shock was 
a fixation on the pattern employed just previous to shock, 
and thus definitely not an avoidance reaction. 

A further explanation of Martin’s failure to isolate the 
phenomenon in question may have been in the way the shock 
was given. As we know, no regression resulted from the 
administration of a shock outside the apparatus, presumably 
not because of the strength of the shock (which was the same 
as in all shock series), but because it was not a part of the 
situation. Nowin Martin’s experiment, the rats were shocked 
in a starting box shut off from the apparatus. A door was 
then opened, and the animals entered the first unit. There 
is nd reason why this procedure should be successful any more 
than in the case of experiment B. True, there was an emo- 
tional disturbance, but there is every reason to believe that 
it was not what we have called a ‘critical’ disturbance, just 
as in experiment B. 

V. ConcLusions 

Our results here may in general be summed up in the 
following conclusions. 

1. Regression analogous to the emotional phenomenon in 
humans has been isolated in the rat. 

2. When it occurs, this regression is usually a sudden com- 
plete reversion to an earlier mode of response, more genetically 
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characteristic of the organism than the behavior regressed 
from. 

3. Regression is not adaptive or docile (i.e. the response 
regressed to persists despite its relative ineffectiveness in 
solving the problem confronting the organism). 

4. Regression has an emotional basis, and this emotion- 
ality must be very closely integrated with the situation. 

5. Regression may occur quite independently of the rela- 
tive amount of practice on the two behavior patterns (it is 
not frequency or recency which makes one pattern dominant 
over the other). 


(Manuscript received June 3, 1937) 
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AVOIDANCE OF REPETITION OF JUDGMENTS 
ACROSS SENSE MODALITIES 


BY FRANCIS W. IRWIN AND MALCOLM G. PRESTON 


University of Pennsylvania 


INTRODUCTION 


That serial judgments are not wholly independent of one 
another was first shown by Fernberger ! who gave a technique 
which compensated for the effects of the dependence in the 
results of psychophysical experimentation. Arons and Irwin,’ 
using the equal weight technique discovered that their Ss 
tended to avoid repeating judgments of the same category, a 
fact quite similar to certain of Fernberger’s observations. 
Later experiments by Preston *: 4. ® demonstrate the existence 
of avoidance of repetition: I, in the case of judgments sepa- 
rated by as many as three intervening judgments; 2, in the 
case of judgments separated by empty temporal intervals as 
long as II seconds; and 3, in psychometric functions developed 
from judgments each of which followed a judgment on two 
equal weights. 

Preston was disposed to regard this phenomenon as in- 
dependent of stimuli and sensory processes. That the exis- 
tence of the tendency to avoid repetition is not determined 
by stimulus variation follows from the fact that equal weights 
were used; that it is not a consequence of sensory factors is 
made probable by the fact that it persists even over a series 
of intervening judgments. In addition, the avoidance of the 


1S. W. Fernberger, Interdependence of judgments within the series for the method 
of constant stimuli, /. Exper. Psychol., 1920, 3, 126-150. 

2L. Arons and F. W. Irwin, Equal weights and psychophysical judgments, /. 
Exper. Psychol., 1932, 15, 733-751. 

3M. G. Preston, Contrast effects and the psychophysical judgments, Amer. J. 
Psychol., 1936, 48, 389-402. 

4M. G. Preston, Contrast effects and the psychometric functions, Amer. J. Psy- 
chol., 1936, 48, 625-631. 

5M. G. Preston, The effect of interpolated time intervals upon the contrast 
effects, J. Exper. Psychol., 1936, 19, 707-715. 
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repetition of equal judgments creates serious difficulties for 
the only theory which attempts to explain the effects of one 
judgment upon another by means of changes in sensory 
processes, namely that of Turner.® 

The present experiment has as its object the identification 
of the process involved in the avoiding of the repetition of 
judgments. The results of the previous experimentation 
reported by Turner, Arons and Irwin, and Preston might 
conceivably be explained by changes in the intensive magni- 
tude of the sensory processes themselves, although Preston’s 
experiments have made such an explanation difficult. In 
this experiment we make the assumption that the intensity 
of a sensory process in one modality affects the intensity of a 
sensory process in another modality neither to the large 
extent necessary to account for the changes in threshold 
values attributable to avoidance of repetition, nor in the 
partially inverse manner which is characteristic of the avoid- 
ance effect. This assumption seems well-grounded in view 
of the difficulty that has been experienced in establishing very 
definite cross-modality effects even when the stimuli are 
simultaneous (see, ¢.g., Hartmann’ and Kravkov®). The 
avoidance of repetition, on the other hand, is easily observed, 
although the two stimuli are separated by several seconds. 
If then the assumption be granted, the experimental demon- 
stration that judgments on material presented in one sense 
modality predispose the S to avoid the repetition of the same 
category in making judgments on material presented in 
another modality will prove that the avoidance of the repeti- 
tion of judgments cannot be attributed to changes in the 
sensory processes themselves.® 

6 W. D. Turner, Intra-serial effects with lifted weights, Amer. J. Psychol., 1931, 

, 1-265. 

7 G. W. Hartmann, The facilitating effect of strong general illumination upon 
the discrimination of pitch and intensity differences, J. Exper. Psychol., 1934, 17, 
813-822. 

8S. V. Kravkov, Changes of visual acuity in one eye under the influence of the 
illumination of the other or of acoustic stimuli, J. Exper. Psychol., 1934, 17, 805-812. 

* Our study of cross-modality effects must be distinguished carefully from such 


work as Von Hornbostel’s study of cross-modality judgments. Von Hornbostel re- 
quired his Ss to make judgments upon an attribute common to two modalities (bright- 
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It might be argued that in experiments of this kind the S 
is avoiding the repetition of the category names by means of 
which his response is reported. In order to rule out this 
possibility it is only necessary to require alternating compari- 
sons in two modalities, stipulating that the report in the first 
modality be given in one set of terms and the report in the 
second modality in a second set of terms. The persistence 
of the avoidance of repetition of reports of equivalent meaning 
(1.¢., louder-heavier, or same-equal) will demonstrate that the 
avoidance tendency cannot be explained on the basis of the 
avoidance of particular words themselves. 

In general then the purpose of the present experiment is 
to demonstrate that the avoidance of repetition is not a con- 
sequence of changes in the magnitude of sensory processes 
themselves, nor of some inability on the subject’s part to 
repeat a given word. 


METHOD OF PROCEDURE 


Three Ss were used, all undergraduate students at the University of Pennsylvania, 
with no experience in making comparisons, either on lifted weights or sound intensities. 
They will be referred to hereafter as Le, Ma and Lr. They were compensated for 
their work. The S sat before a lifted weight turntable arranged in the manner de- 
scribed by Arons and Irwin.!° Behind him was arranged a table on which rested an 
apparatus for the production of sounds of uniform intensity. The back of the S’s 
chair was a constant distance of 140 cm. from the sound-producing apparatus. The 
apparatus used to produce the sound stimuli consisted of an ebony block 15.6 cm. 
X 5.1 cm. X 4.8 cm. fixed securely beneath an electromagnet. By means of an 
electrically driven metronome (located in a distant room) the circuit of the electro- 
magnet was broken 23 times per minute. In this fashion a steel ball-bearing weighing 
8.35 gm. and being 13 mm. in diameter could be dropped from the height of 29.9 cm. 
to the surface of the ebony block. The sound produced by this method was a sharp 
click without noticeable resonance. No measures were taken to determine the physi- 
cal intensity of the sound, but every precaution was observed to maintain it at a 
constant intensity. 

The ball rebounded silently into a felt basket by reason of a slight inclination of 
the block. An additional circuit breaker on the metronome flashed a small electric 
light before the S’s eyes at a rate of 92 flashes per minute. Each breaking of the 
circuit in the magnet synchronized with every fourth flash of the bulb. In order to 
shield the S’s eyes from glare the bulb was covered by a piece of gauze. This signal 





ness of grays, tones and odors). We required our Ss to make alternate judgments of 
sounds and weights without their being at all concerned with the comparison of any 
attributes common to the two modalities. For Von Hornbostel’s work, see Ueber 
Geruchshelligkeit, Arch. f. d. ges. Physiol., 1931, 227, 517-538. 

10]. Arons and F. W. Irwin, op. cit., page 733. 
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light maintained the rhythm in which the weights were lifted by the S and in which 
the ball was inserted in the magnet at the proper moment by one of the experimenters. 

All of the weights used were held constantly at 100 gm., while all sound intensities 
likewise were maintained physically equal by the method just described. The S’s 
were kept in ignorance of the fact that both sound and weight stimuli were objectively 
equal and also of the purpose of the experiment. 

The Ss were first practiced in comparing pairs of sound intensities, the sounds 
occurring at intervals of four flashes of the signal light. They were practiced at a 
later day in making judgments on weights presented uniformly in rhythm at 92 flashes 
per minute. Following these practice sessions a further practice session occurred in 
which the stimuli were presented to the S in alternate pairs, a judgment on weights 
being required first, a judgment on sounds immediately next, a judgment on weights 
next and so on until 56 judgments had been made alternately on sounds and weights. 
336 judgments were made during one experimental hour. The following instructions 
were given the Ss: 

“You will be presented with a series of sounds and weights in alternate pairs. 
First you will hear a pair of sounds, then you will lift a pair of weights, then you will 
hear another pair of sounds and soon. You will judge whether the second sound of 
each pair is louder than, the same as, or softer than the first, using the words louder, 
same and softer in your reports. You will judge whether the second weight of each 
pair is heavier than, equal to or lighter than the first, using the words heavier, equal 
and /ighter in your reports.” 

At the end of four sessions, the instructions were changed. It was intended to 
investigate by this change in instructions the extent to which the avoidance of repe- 
tition depended upon the use of particular category names. The new instructions 
were as follows: 

“You will be presented with a series of sounds and weights in alternate pairs. 
First you will hear a pair of sounds, then you will lift a pair of weights, then you will 
hear another pair of sounds, and so on. In either case you will judge whether the 
second impression of each pair is greater than, equal to, or less than the first, using 
the words greater, equal and less in your reports. In other words, you are to use the 
word greater instead of the words louder and heavier; equal instead of same and equal, 
and less instead of softer and lighter.” 

The data were treated in three ways: I, exactly as they were taken from the S, 
these being called the Sound-Weight data; 2, the judgments on sounds were treated, 
disregarding intervening judgments on weights, these being called the Sound-Sound 
data; and 3, the weight judgments were treated independently, disregarding the inter- 
vening judgments on sound, these being called the Weight-Weight data. 

The determination of the expected number of sequences in all series follows the 
method given by Arons and Irwin." A slight modification of this method was used 
in the calculation of the expected number of judgment sequences in the Sound-Weight 
Series because of the fact that differing proportions of judgments were given as softer 
or lighter, same or equal and louder or heavier, respectively. The calculation of the 
expected lighter-louder sequences, for example, was accomplished by taking the product 
of the proportions of lighter judgments and of louder judgments instead of the square 
of the proportion of judgments of either lighter or louder. 





u |. Arons and F. W. Irwin, op. cit., pages 738-741. 
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RESULTS 


The results of this experiment are shown in Tables I-IV. 
Table I gives the value D/o and D/Calc. for the three se- 
quences involving repetition in the Sound-Weight data. 
Results are presented in both kinds of series, namely when 


TABLE I 


SHow1nG D/o anp D/Catc. For ALL SEQUENCES INVOLVING REPETITION IN SoUND- 
WEIGHT SERIES 
























































Sound-Weight Different Names Sound-Weight Same Names 
Seq. Ma Lr Le Ma Lr Le 
D/ D/ D/ D/ D/ D/ 
D/oe | Calc.| D/e | Cale.| D/e | Cale.| D/e | Cale.} D/e | Cale.| Di/e | Cale. 
LL....| —1.26|—.12] —1.48 | —.36 72 .09 | —I.12 | —.14| —1.92 | —.38| — .52]|—.09 
- —_ .00 .00 43 02] — .74|—.04]| —1.66 | —.13 .38 02] —1.25 | —.09 
GG.. —1.06 | —.06 1.17 .09 | —1.39 | —.11 | —2.83 | —.22 13 Ol | —1.90 | —.13 
TABLE II 


SHow1nG D/o anp D/Catc. For ALL SEQUENCES INVOLVING REPETITION IN SoUND- 
Sounp SERIES 
























































Sound-Sound Different Names Sound-Sound Same Names 
Seq. Ma Lr Le Ma Lr Le 

D/ D/ D/ D/ 

D/e | Calc.| D/e |D/Calc.| D/e | Calc.} D/e | Cale.} D/e |D/Calc.)} D/e |Calc. 

7 — .10|—.01|—.96] —.49 II .02 -39 .05| — .OL | —.003] .08 | .002 
EE.. —1.83 | —.27 |—.27 | —.02 — .72|—.05 |—.61 |—.08 | —1.02 | —.08 .92 | .10 
Gace as — .05 |—.04|—.54]| —.004 | —I.II |—.15 -79| .10| — .27| —.03 38 | .04 

TABLE III 


SHow1nG D/e ano D/Catc. For ALL SEQUENCES INVOLVING REPETITION IN 
WEIGHT-WEIGHT SERIES 

















Weight-Weight Different Names Weight-Weight Same Names 
Seq. Ma Lr Le Ma Lr Le 
D/ D/ D/ D/ D/ D/ 
D/e | Calc.| D/e | Cale.| D/e | Calc.| D/o | Cale.) D/o | Cale.| D/e | Cale. 
| Pe —1.36 | —.25 .23 .05 | —1.23 | —.23 a7 18 | —.27 |—.07 | —2.56 | —.63 
Ss tk» «ba —1.24|—.21| — .69 |—.04 | —2.44 | —.20 | —.30|—.04 .00 .00} — .82|—.09 
ens chao —1.76 |—.10 | —1.02 |—.14 | —2.28 | —.23 | —.31 | —.03 .22 .04| —1.67 | —.16 
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SHowi1nGc VaLues OF D/o anp D/Catc. For ALL SERIES FOR ALL Ss, BASED UPON 


TABLE IV 


FRANCIS W. IRWIN AND MALCOLM G. PRESTON 


THE ToTAL NuMBERS OF CALCULATED AND OBSERVED REPETITIONS 




















Different Names Same Names 
Series Subject 
D/e D/Calc. D/e D/Calc. 
Le —1.2 — .044 —2.7 —.110 
S-W Lr 8 025 — .2 — .008 
Ma —1.6 —.061 —3.9 —.172 
Le —1.2 —.061 1.0 061 
S-S Lr — 8 — .036 —1.1 — .063 
Ma —1.1 — .058 4 .024 
Le —4.1 —.215 —2.7 —.172 
W-W Lr —I.1 — .052 .O .OOI 
Ma —2.8 —.130 — .2 —.O1I 




















the same category names were used for sounds and weights 
and when different category names were used for sounds and 
weights. The first column headed Seg. reports the three 
sequences of repetition, LL, EE and GG. L stands for the 
category of judgment referring to lesser intensity; E stands 
for the category of equal intensity, and G refers to the 
category of judgment pertaining to greater intensity. Table 
I is divided into two sub-tables, one reporting the results of 
the procedure using different category names, the other re- 
porting the results of the procedure using the same category 
names. Each sub-table is divided into three main columns, 
one for each subject. For each S two sub-columns give the 
value D/o (the ratio of the difference between observed and 
expected frequencies to the standard error of the expected 
frequency) and the value D/Calc. (the ratio of that difference 
to the expected frequency itself). The value D/o gives a 
measure of the reliability of the difference, while the value 
D/Calc. gives a measure of the relative size of the difference. 
Negative values indicate that fewer sequences were observed 
than were expected. Positive values indicate that more 
sequences were observed than were expected. For example, 
the value — 1.26 appears in the second column of Table I. 
This means that in the case of subject Ma the critical ratio 
for the repetition of less judgments was 1.26 and that fewer 
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judgments were observed than were expected. In the third 
column appears the value — .12. This means that for the 
same S a deficit of lighter judgments amounting to I2 percent 
of the expected number was observed after a judgment of 
lighter. ‘The same interpretation is to be given to the data 
presented for the other Ss and for the other sequences. 
Table II gives the same kinds of values for sequences involving 
repetition in the Sound-Sound data. Table III gives the 
corresponding values for sequences of the Weight-Weight 
data. In every case Tables II and III are to be interpreted 
as was Table I. 

In further summary of the results, Table IV is presented. 
In this table the values of the three different sequences re- 
presented in Tables I, II and III have been consolidated in 
order to determine whether there has been a general tendency 
to avoid the repetition of judgments irrespective of the 
particular category. The first column indicates the series, 
and the second column the S. The third column gives the 
values of the critical ratios when different names were used; 
these are the ratios of the differences between the calculated 
and observed numbers of repetitions to the standard error 
of the frequency expected. They are similar in meaning to 
the critical ratios of Tables I, II and III, except that they are 
based upon the total number of expected and observed repeti- 
tions instead of upon the numbers expected and observed in 
one category. The fourth column gives the ratio of the 
differences between the calculated and observed numbers of 
repetitions to the calculated number; these values also are 
based upon the totals for the three categories taken together. 
The fifth and sixth columns give the same information for the 
series using the same category names. 


SUMMARY OF RESULTS 


1. It is recognized that certain of the results presented in 
the tables are indeterminate in the case of some Ss and in the 
case of some series. 

2. Examination of Table I indicates that avoidance is 
present for two Ss using different names and for the three Ss 
using the same category names. 
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3. In Tables II and III, treating Sound-Sound and Weight- 
Weight data respectively, using different category names, all 
three Ss show avoidance of repetition. 

4. Table IV discloses the fact that when the three cate- 
gories are combined to give a single value, avoidance of 
repetition appears in much the same way as it appeared in 
the previous analysis, where the categories were considered 
separately. 

DiscussIon 


As stated above the purpose of this experiment is to deter- 
mine, first, whether or not the tendency to avoid repetition 
of judgment is a reflection of genuine changes in the magnitude 
of sensory processes, and second, whether or not the avoidance 
tendency is dependent upon the mechanism involved in the 
giving of the response words themselves. We consider this 
question to be important for the following reasons: 

1. The influences being measured are below the level of 
the S’s consciousness. This fact is indicated by the following 
reports of the Ss, made at the conclusion of the experiment 
when they were asked, first, whether or not they had observed 
any particular order in the appearance of the stimuli, and 
second, what they thought was the purpose of the experiment. 
Lr reported: 

‘““No, there seemed to be no definite order; sometimes the 
‘greater’ would predominate, and sometimes either the 
‘less’ or ‘equal’ would appear most. I did think though, 
that the judgments appeared or occurred in groups as above. 
I thought that the purpose might be to test for auditory 
fatigue, and then, when both weight-lifting and auditory 
tests were taken simultaneously, I believed it might be for 
the purpose of determining the relation, if any, of auditory 
and muscular discrimination or fatigue. During the fourth 
and fifth (first few of the weights and sounds) I tried to pre- 
determine what the next judgment was likely to be. I 
assumed that there would be a likely distribution of judg- 
ments (¢.g., after a ‘greater’ or ‘heavier’ a ‘less’ or ‘softer’ 
would follow). However sometimes this did not hold true, 
as mentioned before, so I finally gave up the idea of trying to 
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foretell the next judgment. This was about the sixth or sev- 
enth test.” 


Ma reported: 

“Although it occurred to me that there might be an 
order in the experiment it did not seem as if any one order 
carried all the way through. No order seemed to last even 
through one testing. It seemed to me that the experiment 
was to serve various purposes. Firstly, a comparison between 
the fineness of differentiation between two series. Secondly, 
the result of continued practice. Thirdly, the result of any 
fatigue that might set in.” 

Le reported: 

“At first I thought there might have been a correlation 
between heavier weights and louder sounds, etc., but after a 
time this idea was removed. I believe the experiment had 
as its purpose a determination of discrimination ability of 
the subject. Also the effect of continued practice in the 
discrimination as well as the effect of rhythm in this ability.” 

The only indication in these reports of the possible ap- 
pearance of a conscious avoidance of repetition is Lr’s state- 
ment of his “assumption that there would be a likely distri- 
bution of judgments, etc.”’ which is immediately followed by 
his statement that he discarded this notion. 

Further support of our contention in favor of the uncon- 
scious nature of the tendencies is found in the fact that they 
exist, as seen in the results in both the Sound-Sound and 
Weight-Weight series, where a judgment intervened between 
the two judgments constituting a sequence; and the fact that 
a similar phenomenon has been observed by Preston ™ in the 
case of judgments separated by as many as three intervening 
judgments (involving a time interval of 48 seconds). We 
feel that the quantitative treatment of processes operating 
below the conscious level is of general interest to psychology. 

2. The tendencies here dealt with materially influence 
psychophysical judgments, even to the extent of producing 
reversals from what is to be expected in the case of individual 
comparisons. Furthermore we believe that we are not merely 


2M. G. Preston, Unpublished results taken in connection with the study of inter- 
polated time intervals and their effect on the contrast effects. 
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adding one more item to the already lengthy list of factors 
influencing the psychophysical judgment; but rather that the 
tendency to avoid repetition has a much wider range of 
application. Thorndike and Dodge™ have already in- 
dicated the possible extent of the field in which avoidance of 
repetition may be found. 

Consideration of the results summarized above for the 
Sound-Weight Series when the same category names were 
used indicates without question that Ss avoid the repetition 
of judgments in the same category even though the compari- 
sons affected are made in two different sense modalities. 
Hence according to the argument in the introduction, the 
existence of an avoidance tendency not due to changes in the 
sensory processes is established. Furthermore, when different 
category names are used, the results present a picture of 
tendencies which have been weakened but which still exist. 
We conclude from this that whatever the S is avoiding he is 
not merely avoiding the saying of the same words. 

The demonstration that this tendency operates at a level 
higher than that of sensory processes does not, of course, 
establish its upper level. The fact that it operates without 
the Ss in general being aware of its presence indicates that it 
undoubtedly operates below the level of conscious ideation. 
It has already been suggested ' that the intra-serial effects are 
due to an attitude assumed by the S. This suggestion is 
not contradicted, but rather supported by the facts just 
discussed. The avoidance of repetition, since it persists 
through so many variations of experimental procedure, and 
since it seems to be an unconscious tendency, agrees well 
with the general concept of an attitude. 


(Manuscript received June 7, 1937) 


13 FE. L. Thorndike, The refractory period in associative processes, Psychol. Rev., 
1927, 34, 234-236. 

4 R, Dodge, A note on Professor Thorndike’s experiment, Psychol. Rev., 1927, 34, 
237-240. 

46 M. G. Preston, The effect of interpolated time intervals upon the contrast effects, 
J. Exper. Psychol., 1936, 19, 714-715. 
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STUDIES IN THE PSYCHO-PHYSIOLOGY OF 
TRANSFER. I. THE PROBLEM OF 
IDENTICAL ELEMENTS 


BY G. L. FREEMAN 


Northwestern University 


‘Transfer,’ or the effect of one task upon another, has 
been a much debated problem in psychology. Considerable 
evidence has been accumulated showing improvement in 
performance following exercise of some other activity. 
Because of its close association with the doctrine of formal 
discipline, this positive or ‘training’ transfer has received the 
major attention and we have tended to neglect instances of 
negative transfer, such as the effect of interpolated activities 
in ‘forgetting’ and ‘fatigue.’ It is recognized, however, that 
the question of whether one act ‘transfers’ increment or 
decrement to another depends largely on time factors, and 
that the phenomena are to be explained by the same basic 
assumption—namely, a structural-functional relation be- 
tween the two acts. Itis unnecessary to cite the experimental 
evidence of transfer—either positive or negative—since 
excellent reviews of this literature are already available.! 
Of the various hypotheses which have dealt with the specific 
nature of this relation, two seem capable of sufficiently exact 
formulation to be put to test. These are (1) the theory of 
identical elements, and (2) the theory of irradiation or 
‘spread.’ The present study deals with an experimental 
check on the validity of the identical element theory. Later 
reports will be concerned with tests of the irradiation theory. 

The theory of identical elements, usually attributed to 
Thorndike, suggests that one activity alters another to the 
degree that both utilize the same neural elements. For 
‘proof,’ however, its proponents commonly resort to a circular 
argument. Two tasks are said to have identical elements be- 


1C. W. Bray, Transfer of learning, J. Exp. Psychol., 1928, 11, 443-467. 
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cause they showtransfer. ‘Thus if it is shown that practice in 
addition causes an increment in subtraction but none in multi- 
plication, it is argued that addition and subtraction activities 
utilize more identical neural elements than do addition and 
multiplication. And when evidence supporting the view is 
called for, we are told that the addition-subtraction com- 
bination showed the most transfer! 

The chief difficulty in putting the identical element theory 
to experimental test lies in finding performances which are 
related to each other in relatively simple and definable ways. 
Bills and McTeer’s ? study made a beginning in this direction. 
Their subjects alternated at one minute intervals between 
a standard and a comparison task involving the writing of 
alphabet sequences. In the first condition all letter elements 
were common in both standard and comparison tests (abc- 
abc). The second condition held only one common element 
(abc-afe) and the third held no common elements (abc-dfe). 
In each condition tasks were alternated over a period of 15 
minutes so as to build up a cumulative fatigue effect. By 
counterbalancing, no condition received the benefit of more 
practice than another in the final averaging. The results 
offered positive support of the identical element theory, 
showing that the amount of decrement developed in alternat- 
ing tasks was proportional to the number of letter elements 
which they had in common. 

It is obvious that Bills and McTeer’s use of the term 
‘element’ is very specialized, and, as they point out, would 
probably not be acceptable to those originally promulgating 
the doctrine of identity. They do not, and cannot refer 
their results either to neural elements or stimulus-response ele- 
ments. This leaves only a logical distinction, of which they 
say, “‘It is possible to select logically identical elements in 
two stimulus-response situations. That is all the present 
study claims to have done. The results of this study seem 
to show, however, that the logical distinctions do have a 
definite psychological significance.” ® 

2 Bills, A. G., and McTeer, W., Transfer of fatigue and identical elements, J. Exp. 


Psychol., 1932, 15, 23-36. 
3A.G. Bills and W. McTeer, Joc. cit., p. 36. 
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We can agree with Bills and McTeer that defining the 
similarity between tasks in any but superficial logical terms 
is extremely precarious. It is questionable, however, if their 
results actually support the identity theory of transfer. It 
may be, instead, that the higher work output found for the 
abc-def task is due to the greater ease with which this letter 
combination can be written. In other words, it seems that 
Bills and McTeer’s correlation involves the questionable 
assumption that it is as easy to write one unit of the alphabet 
as itis anotherunit. Furthermore, while writing d is logically 
different from writing a, the two acts involve similar move- 
ments. The lack of contact between Bills and McTeer’s 
‘elements’ and either structural or functional units does not 
constitute a satisfactory test of the identifying theory of 
transfer. Their results contribute to the problem at a very 
complicated level. For instance, increment for abc-def 
combinations over abc-abc might be due to increased interest 
and motivation in the less monotonous task. However 
interpreted, the data are sufficiently challenging to make 
necessary a retest of the identity theory with psycho-physio- 
logical ‘elements’ rather than logical ones. 


THE EXPERIMENTS 


In rethinking the theory of identical elements in psycho- 
physiological terms, it seemed that identity between two 
tasks might involve either (a) the same receptors, (b) the 
same effectors, or (c) the same central (adjustor) pattern. 
This led us to select typewriting as the test performance and 
to vary the identity of transfer-tasks in regard to each of the 
three fundamental divisions of the neuro-muscular action 
sequence. The general plan of our experiments followed 
that of Bills and McTeer; that is, we alternated a standard 
task with itself and with others involving a lesser degree of 
identity, under the assumption that the greater the similarity 
of tasks the greater the transfer effect. By using subjects 
well advanced in typing and by properly counterbalancing 
conditions, we sought to minimize positive transfer effects 
and to develop decrement in the shift from standard to 
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comparison task. The subjects were motivated by competi- 
tion for a high score, and when one factor such as effector 
identity was being varied, the other parts of the reaction arc 
(receptors and central ‘adjustor’ patterns) were held constant. 
Instructions were: 


We are working on a speed test in typewriting. This group has been chosen to help 
in the task. I shall be here for several days; each time I shall administer a slightly 
different type of test. You are going to type patterns of letters upon the papers 
which I shall distribute. In general, you will work for 5 minutes upon each of two 
different letter patterns with a half minute rest between. ‘Ten minutes work will be 
placed on each page. I will give the start and stop signals. Get the first page into 
the machine, and type your name and group number at the top of the page. Be sure 
that you begin at the very top so that you will have room for the total work. Use 
single spacing—do not use the spacer in any test. Keep both hands in the conven- 
tional position on the machine, whether using them or not. Begin every new line 
with a complete pattern. If you are in the middle of a pattern when you come to 
the end of the line, shift your carriage and begin the next line with the beginning of 
the pattern. Don’t use your margin release in order to complete a pattern at the end 
of the line. Have your margins set as narrow as possible to begin with. If you get 
a pattern wrong do not correct it; proceed instead to type the next pattern. 


In the procedures outlined below, the term ‘condition’ 


refers to the degree of identity between the alternating tasks 
and the term ‘cycle’ refers to the practice order in which the 


conditions were changed. It will be seen that five experi- 
ments were made; 27z., one in which the identity of effectors 
was varied, one in which the identity of receptors was varied, 
two in which the central (adjustor) pattern was varied, and 
one in which normative values were obtained for each task. 








45 Subjects: 5 Minutes Each in 
Normative Values Following Practice Order: Cycle: 
Procedure 1 Established for 
Various Patterns 





II III IV 





Pattern 1 adsf (fingers 4, 2, 3, 1—left 2 3 4 
hand) 





Pattern 2 fsda (fingers 1, 3, 4, 2—left 
hand) 





Pattern 3 sklj (fingers 4, 2, 3, I—right 
hand) 





Pattern 4 jl;k (fingers 1, 3, 4, 2—right 
hand 





Pattern 5 adsf (left hand response to 
auditory stimulation) 
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Procedure 
2 


Effectors 
Varied 


5 Min. Constant 
Task 


5 Min. Comparison 
Task 





Condition 1 


All common effector 
elements 


Type left hand adsf 


Type left hand adsf 





Condition 2 


“ee eee 


No common effector 
elements 


Type left hand adsf 


Type jklj right 
hand 





Condition 3 


Control 





Type left hand adsf 








Rest 





45 subjects; cycle I, cond. 1, 2, 3; cycle II, cond. 2, 3, 1; cycle III, conditions 3, 1, 2. 








Procedure 
3 


Receptors 
Varied 


5 Min. Constant 
Task 


5 Min. Comparison 
Task 





Condition 1 


All common recep- 
tor elements 


Type various asdf com- 
binations in left hand as 
signaled by place loca- 
tion of lights 


Type various asdf 
combinations in left 
hand as signaled by 
place location of 
lights 





Condition 2..... 


No common recep- 
tor elements 


Type various asdf com- 
binations in left hand as 
signaled by place loca- 
tion of lights 


Type various asdf 
combinations in left 
hand as signaled by 
place location of 
taps 





Condition 3..... 





Control 


“ec 








Rest (eyes closed) 





45 subjects; cycle I, cond. 1, 2, 3; cycle II, cond. 2, 3, 1; cycle III, conditions 3, 1, 2. 








Procedure 
4a 


Central Pattern 
Varied 


5 Min. Constant 
Task 


5 Min. Comparison 
Task 





Condition 1..... 


All common pat- 
tern elements 


Type adsf, left hand; 
;klj, right 


Type adsf, left 
hand; ;klj right 





Condition 2..... 


One common pat- 
tern element 


Type adsf, left hand; 
;klj, right 


Type adsf, left 
hand; jl;k right 





Condition 3 


No common pat- 





tern elements 


Type adsf, left hand; 





3klj, right 





Type fsda, left 
hand; jl;k right 





45 subjects; cycle I, cond. 1, 2, 3; cycle II, cond. 2, 3, 1; cycle III, conditions 3, 1, 2. 








Procedure 
4b 


Central Pattern 
Varied 


5 Min. Constant 
Task 


5 Min. Comparison 
Task 





Condition 1 


All common pat- 
tern elements 


Type adsf, left hand; 
;klj, right 


Type adsf, left 
hand; ;klj right 





Condition 2 


“eee. 


One common pat- 
tern element 


Type adsf, left hand; 
3klj, right 


Type adsf, left 
hand; jl;k right 





Condition 3 


No common pat- 





tern elements 


Type adsf, left hand; 





;klj, right 





Type fsda, left 
hand; jl;k right 





45 subjects; cycle I, cond. 3, 1, 2; cycle II, cond. 2, 3, 1; cycle III, conditions 1, 2, 3. 
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Central Patterns 
Procedure Alternated every Ten Minute Ten Minute 
5 Min. (after Bills Comparison Task Standard Task 
and McTeer) 

Condition 1.....| Allcommon pat- | Type adsf, left hand; | Type adsf, left 
tern elements ;k]j right hand; ;klj right 

Condition 2.....| One common pat- | Type adsf, left hand; | Type adsf, left 
tern element 3klj right hand; ;klj right 

















45 subjects; cycle I, cond. 1, 2, 3; cycle II, cond. 2, 3, 1; cycle III, conditions 3, 1, 2. 





PROCEDURE I 





Ability to test experimentally the identical element theory of transfer rests on 
the assumption that the difference in work output between various tasks is due to 
the transfer effects developed in their combination. It is possible, however, that the 
difference might be due to the uneven difficulty of the tasks combined; that is, one 
typing pattern (adsf) may be inherently more difficult of execution than another 
(fsda), with the consequence that any task combination involving the latter would 
show decrement. For this reason it was found desirable to establish ‘norms’ for each 
typing pattern used, these providing a ‘correction factor’ in comparison of scores 
obtained in the remaining experiments. Scatter diagrams showed a normal distribu- 
tion of individual scores for each pattern. ‘Table I gives the five minute median score 
for each pattern, together with the correction factors which may be derived therefrom. 


TABLE I 
NorMATIVE VALUES FOR TyPING PATTERNS USED IN TRANSFER EXPERIMENTS 











Median Score : 
Pattern (45 subjects) Correction Factor 



















Ridaccnssssscndeneuee oe TSC Tee S 
i (correction factor 
h | Rikcdebendas anaes cee — 4.29 ie, ft when receptor is 
ra -....  Waried) 
te Sea re ere a Te 
; i. (correction factor 
eee eT rs 0.00 .” when effector is 
Ff varied) 
I oupcinte Sod uiniheancttiel tesa a — 1.67 
LS eer 74.36 —6.86.................(correction factor 
when central 
SS eee 69.11 —1.61 pattern is va- 


ried) 





It is recognized that the use of these correction factors 
involves an assumption which is not necessarily true; namely, 
that the same relative difficulty will be preserved by the 
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pattern combinations throughout the course of the experi- 
ments. Our only check against the possibility that a pattern 
might become more favored by practice was to put some 
subjects through the procedures in reverse order. Results 


for procedures 2, 3, 4 and 5 will be discussed without further 
reference to this question. 


PROCEDURE 2 


It was thought that the most obvious point to attack the alleged relation between 
transfer effect and the identity of alternate tasks was by variation of the effectors 
utilized. Work by Galdo‘* and others had already indicated that exercise of one 
bodily part decreased the work output of a functionally related part. We argued, 
therefore, that according to the identity theory, typing a pattern with the left hand 
followed by typing of the same pattern in the right hand should show less decrement 
than typing throughout the same period with the left hand alone. As seen in Table II, 
however, results were exactly opposite to this assumption. Even when the scores 
are corrected for the small differences due to the greater ease of typing with the left 
hand, the task-combination having no effector elements in common showed less work 
output than the one having all common elements. This reversal might be explained 
as a relation between the identity of effector elements and positive or ‘training’ trans- 
fer. But the score obtained following the control condition of interpolated rest was 


the highest of all three, thereby indicating that the interpolated work periods did 
produce ‘fatigue’ effects. 


TABLE II 


SHOWING THE EFFECTS OF CHANGING THE RELATIVE IDENTITY IN Errector PATTERN 
BETWEEN 5 MINUTE STANDARD AND COMPARISON TASKS 

















Ave. No. Ave. No. Pat- Dif- 
Condition Patterns in A.D.| terns Typed in | A.D. fer- 
Standard Task Comparison Task ence 
Condition 1. Cycle 1—27.2 | 30.9 | Cycle 1—269.4 | 34.2 
(Common effector elements) Cycle 2—268.9 | 29.6 | Cycle 2—266.1 | 28.9 
5 minute Cycle 3—270.5 | 28.4 | Cycle 3—260.5 | 31.2 
standard right 
5 minute 
standard right Ave... ..270.2 Ave... . .265.5 —4.7 
Condition 2. Cycle 1—265.3 | 34.2 | Cycle 1—218.5 | 34.8 
(No common effector elements) | Cycle 2—274.1 | 30.6 | Cycle 2—222.8 | 22.9 
5 min. stan. rt. Cycle 3—257.4 | 31.8 | Cycle 3—219.1 | 26.8 
5 min. compar. 
stan. left Ave... . .265.6 Ave... ..220.1 —45.5 
Condition 3. Cycle 1—277.2 Rest 29.1 
5 min. Cycle 2—275.1 31.5 
stan. rt. Cycle 3—272.8 20.7 
5 min. rest Ave... ..275.1 




















4L. Galdo, Bilateralita motoria degli emisferi cerebrali, Riv. di psicol., 1931, 27, 
228-241. 
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Since the rejative scores for the three conditions do not 
follow the assumptions of the identical element theory, 
explanation of bilateral transfer in terms of common effectors 
is called into serious question. It also suggests the advis- 


ability for repetition of work similar to Galdo’s with a search 
for more suitable explanations. 


PROCEDURE 3 


Having failed to demonstrate conclusively any predictable relation between the 
identity of the effector utilized and the degree of transfer, we next turned to the effects 
produced by variation of the receptor channel stimulated. With the same 45 subjects 
as were used in Procedure 1, we alternated typing to visual stimulation with itself 
(condition 1), with typing to auditory stimulation (condition 2), and with rest (con- 
dition 3). The typing was done with the left hand in position over the asdf keys, 
and the order of pressing the keys was signaled by the serial activation of lights or 
auditory stimuli. Since the rate of typing was controlled by the timing of the stimu- 
lation, errors became the variable. According to identical element theory, one of two 
possibilities should have been exhibited in the comparison of tasks: (1) the vision- 
vision combination task should have shown fewer errors than the vision-auditory 
combination task (positive transfer) or (2) the vision-vision task should have showed 
more errors than the vision-auditory task (negative transfer). Table III shows, 
however, no significant difference according to the modality utilized although the 
comparison tasks in both condition 1 and 2 show improvement over the control con- 
dition. One can hardly argue therefore that our test was not extensive enough to 
develop either practice or fatigue. 


TABLE III 


SHow1nc Errect oN Errors oF CHANGING THE RELATIVE IDENTITY IN RECEPTOR 
PATTERN BETWEEN 5 MINUTE STANDARD AND COMPARISON TASKS 








Ave. No. 
Errors on 
Std. Task 


Ave. No. 
Errors on 
Comp. Task 


Condition 





Condition 1. 

(Common receptor elements) 
§ min. right 

std. vision 

5 min. right 

std. vision 


Cycle 1—21 
Cycle 2—26.3 
Cycle 3—19.7 


Cycle 1—27.5 
Cycle 2—22.6 





Condition 2. 


(No common receptor elements) 
5 min. right 

std. vision 

5 min. right 

comp. audition 


Cycle 1—19.4 
Cycle 2—25.3 
Cycle 3—20.9 


Cycle 1—21.4 
Cycle 2—28 
Cycle 3—19.1 





Condition 3. 
(5 min. rest 
5 min. std. 
right) 





Cycle 1—23.1 
Cycle 2—25.4 
Cycle 3—24.2 
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PROCEDURES 44 AND 4) 


With little evidence that identity of either effectors or receptors was basic to 
transfer, we next studied variations in central (adjustor) pattern. In this experiment 
subjects typed combination-patterns involving both hands. In the first condition, 
identity between constant and comparison tasks was secured by typing the same 
pattern combination in both instances. In the second condition one pattern element 
was changed in the comparison task by having the subjects type a different pattern 
of the same letters in the left hand. In the third condition, both pattern elements 
were changed in the comparison task by shifting to a different typing pattern in both 
hands. Condition I, II and III were performed six times by all subjects. In the 
first three cycles (procedure 4a) the standard task was performed before the compari- 
son task. In the last three cycles (procedure 45), the comparison task was performed 
first in order to note its effect upon the standard task. 


The results of the experiment are given in Table IVa and 
IVb. From these we see that the transfer effects between 
paired tasks carry no certain ‘proof’ of the identity theory. 
When the second task was varied so as to have the same or no 
pattern elements in common with the standard task, little 
differential effect was noted. When the situation was re- 


TABLE IVa 


SHOWING THE EFFEcTS OF CHANGING THE Retative IDENTITY IN ‘CENTRAL Pat- 
TERN’ BETWEEN 5 MINUTE STANDARD AND COMPARISON TASKS 

















Ave. No. Pat- Ave. No. Pat- Diff. in | Diff. in 
Condition terns Typed on | A.D.| terns Typed on | A.D.| C.S. Ave. Cor. 
Std. Task Comp. Task Sc. Se. 

Condition 1. Cycle 1—209.2| 23.0] Cyl. 1—198.1 | 25.2 
(2 common central |Cycle 2—259.5| 23.3 | Cyl. 2—238.2 | 25.6 

elements) Cycle 3—265.6| 25.3 | Cyl. 3—254.7 | 31.8 
5 min. std. right and 

left 
5 min. comp.—std. 

right and left Ave... ..244.8 Ave.—230.7 230.7 | —10.1| —10.1 
Condition 2. Cycle 2—229.5| 30.3 | Cyl. 1—222.4 | 33.3 
(1 common central |Cycle 2—213.1) 24.3 | Cyl. 2—198.5 | 23.1 

element) Cycle 3—235.7| 23.6 | Cyl. 3—225.7 | 26.5 
§ min. std. right and 

left 
5 min. comp.—std. 

left, varied right |Ave.....226.1 Ave.—215.5 220.5|—10.6| —5.6 
Condition 3. Cycle 1—216.9} 20.4 | Cyl. 1—208.0 | 23.1 
(Nocommon central |Cycle 2—222.0} 25.8 | Cyl. 2—204.1 | 29.7 |: 

elements) Cycle 3—204.0} 22.4 | Cyl. 3—192.7 | 20.8 
§ min. std. right and 

left 
5 min. comp. varied 

right and left Ave... ..214.3 Ave.—201.6 206.6| —12.7| —7.7 
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TABLE IVb 


SHowinG Errects upon A STANDARD § Minute Task Propucep By PRECEDING 


Tasks or VARYING DEGREE OF IDENTITY IN CENTRAL PATTERN 








Condition 


Ave. No. Pat. 
Typed on 
Comp. Task 


Ave. No. Pat. 
Typed on 
Std. Task 


Dif.in 
Ave. 





Condition 1. 

(2 common central elements) 

5 min. comp.—std. left and 
right 

5 min. std. left and right 


Cycle 1—163.7 
Cycle 2—159.6 
Cycle 3—165.8 


Ave... . . 163.0 


Cyl. 1—164.1 
Cyl. 2—154.5 
Cyl. 3—172.0 


Ave.—163.5 





Condition 2. 

(1 common central element) 

5 min. comp.—std. left, va- 
ried right 

5 min. std. left and right 


Cycle 1—150.8 
Cycle 2—140.6 
Cycle 3—139.0 


Ave... . . 143.5 


Cyl. 1—171.7 
Cy]. 2—164.5 
Cyl. 3—162.0 


Ave.—171.1 





Condition 3. 
(No common central ele- 
ments) 


Cycle 1—132.8 
Cycle 2—139.3 
Cycle 3—129.8 


Cyl. 1—157.1 
Cyl. 2—175.6 


Cyl. 3—165.9 

5 min. comp. varied left and 
right 

5 min. std. left and right 


Ave... ..134.0 Ave.—171.2 32.2 | 37.2 























versed, with the comparison task preceding the standard 
task, the evidence suggests a negative relation between the 


amount of transfer and the degree of task identity. Accord- 
ing to the identity theory, the same relations should have 


been developed in both experiments, 4a and 4). 
veals a difference in trend. 

Corrected differences between constant and comparison 
task in procedure 4a are not significant. Differences ob- 
tained in procedure 4b would be positive support of the 
identical element theory if the comparison tasks gave decre- 
ment instead of increment in the order indicated. From the 
standpoint of the theory of identity, the only explanation of 
the inconclusiveness of the data is that the work period was 
too short to develop well-defined transfer effects. The next 
experiment was designed as a check on this possibility. 


Survey re- 


PROCEDURE 5 


The same subjects repeated the task-combinations of procedure 4a, but with 
alternation of constant and comparison tasks every minute over a total of 20 minutes. 
In this way, the working time was double that previously used, and the minute by 
minute alternation followed the exact plan of the experiment by Bills and McTeer 
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which had shown a relation between relative identity of tasks and fatigue-decrement. 

Results given in Table V are in the proper direction according to the theory under 
test; that is, the greater the identity between alternate tasks, the greater the decre- 
ment developed. One may question, however, the significance of this relation since 
the difference between decrements developed in identical and non-identical tasks is 
very slight, a total of only 8 points. This is much less than the variability of the 
scores compared. 


TABLE V 


SHOWING THE EFFECTS OF CHANGING THE RELATIVE IDENTITY IN CENTRAL PATTERN 
BETWEEN STANDARD AND COMPARISON TASKS ALTERNATED AT 
One MINUTE INTERVALS FOR 20 MINUTES 











Ave. No. Pat. Ave. No. Pat. Dif.in | Dif.in 
Condition Typed on A.D. Typed on A.D.| Ave. Cor. 
Std. Task Comp. Task Sc. Se. 
Condition 1. Cycle 1—278.6| 23.8 | Cyl. 1—279.5 


26.7 

(2 common central ele- | Cycle 2—270.2) 34.7 | Cyl. 2—218.4 36.6 
ments) 

10 I-min. intervals std. 
rt. and left alternated 
with 10 I-min. intervals 
comp. rt. and left Ave... ..274.4 Ave.—248.9 —25.5| —25.5 





Condition 2. Cycle 2—275.6} 37.2 | Cyl. 2—227.7 32.0 

(No common central ele- | Cycle 1—271.8) 36.8 | Cyl. 1—275.4 39.5 
ments) 

IO I-min. intervals std. 
left and rt. alternated 
with 10 I-min. intervals 
comp. varied rt. and 
left Ave... . .273.7 Ave.—256.6 —22.1| —17.1 




















DISCUSSION 


Of the various attempts to explain transfer effects, both 
positive and negative, the theory of identical elements has 
had the most supporters. There have been few attempts to 
test this theory experimentally, and those which have been 
made are not crucial. Norcross,> in his work on the bilateral 
transfer effects in ability to place numbers in an adding 
machine, tried to isolate such elements as ability to read the 
number lists accurately, and familiarity with the keyboard. 
He reported that practice in either of these part-processes 
reacted favorably on the ability to perform the act as a whole. 
But the fact that he used few subjects and no controls and 
that the data show large individual variability indicate a 


5W. H. Norcross, Experiments on the transfer of training, J. Comp. Psychol., 
1921, 1, 317-364. 
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lack of conclusiveness in his results. In Bills and McTeer’s 
work, with conditions well controlled, a positive relation was 
reported between logically identical elements and the amount 
of transfer developed between alternate tasks. Our ap- 
proach is a close approximation to the general procedure of 
Bills and McTeer, except that we have attempted to vary the 
identity of receptor, effector and central adjustor units of the 
reaction arc. In respect to these three factors, our results 
have been negative. The differences between the transfer 
effects of tasks of varying identity have in no case exceeded 
their probable errors. 

In support of the contention that transfer is not caused by 
identity of elements in any part of the reaction arc, there may 
be cited the experiments of Lashley. Animals trained in 
discrimination habits utilizing one set of receptors or effectors 
relearned quickly with the use of other pathways. Lashley ® 
suggests that if there are common elements, they exist as 
ratios of excitation in two patterns of integration rather than 
as identical neural elements. But if this kind of identity is 
basic to transfer, it should have been effective in the experi- 
ments where central pattern was varied. 


(Manuscript received May 28, 1937) 


6K. S. Lashley, Nervous mechanisms in learning in Handbook of General Experi- 
mental Psychology—Worcester, Clark University Press, 1934, pp. 474-477. 






































FURTHER STUDY OF THE METHOD OF COM- 
PARISON APPLIED TO THE PROBLEM 
OF MEMORY CHANGES 


BY FRANCIS W. IRWIN AND HERBERT ROVNER 


University of Pennsylvania 


The method of comparison has been applied to the problem 
of memory changes by Irwin and Seidenfeld.! The results 
of their experiment demonstrated the existence of definite 
asymmetries in the distributions of judgments made on 
characteristics of simple visually perceived figures after 
intervals of 3 min., 10 min. and 7 days; that is, characteristics 
of figures identical with those first exposed tended to be over- 
or under-estimated by groups of Ss. The interpretation of 
these asymmetries met with some difficulties, however, 
chiefly because of insufficient knowledge of the manner in 
which the figures were perceived, and the assurance with 
which the judgments were made. The importance of the 
Ss’ perception or Auffassung of figures in relation to the kind 
of memory change to be expected has been stressed by many 
writers, including Wulf? in his pioneer experiment. The 
Ss’ assurance of judgment is significant in the method of 
comparison because it may conceivably affect the amount of 
asymmetry obtained. The present experiment was per- 
formed to acquire knowledge about both the nature of the 
Ss’ perceptions and their subjective assurance of judgment. 


METHOD 


The method followed closely that of I. & S. A stimulus figure was exposed 
visually for 5 sec. to a group of Ss, who were asked to observe it carefully. After 
its removal, the Ss were told to write as accurate a description of the figure as possible. 





1Trwin, F. W., and Seidenfeld, M. A., The application of the method of compari- 
son to the problem of memory changes. This Journal, 1937, 20, 363-381. We shall 
refer to this paper as I. & S. 


2 Wulf, F., Ueber die Veranderung von Vorstellungen (Gedachtnis und Gestalt). 
Psychol. Forsch., 1922, 1, 333-373- 
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When the descriptions of the figure had been written, and about 3 min. after the first 
exposure, the stimulus figure was shown again, with instructions to the Ss to make 
a judgment on some specified characteristic of it. The Ss then made a rating of the 
assurance of their judgments. This method differed from that of I. & S. in the follow- 
ing particulars: 

1. Only one figure was shown to each S. 

2. Only one judgment was made by each S. (The instructions were adapted to 
these first two changes by substituting the words ‘a figure’ for ‘some figures,’ etc.) 

3. Additional instructions for description of the figures were given as follows: 

““Now I am going to ask you to write on your record sheet a description of the 
figure I just showed you. Do not make any drawings, but write out as accurate and 
detailed a description in words as you can. Go ahead.” 

(Note that when the figures were first exposed the S did not know that descrip- 
tions would be asked for.) 

4. The Ss wrote this description before making a judgment. 

5. After the judgments had been made the Ss were asked to indicate the certainty 
with which they had made their judgments by writing on the record sheet either ‘very 
certain,’ ‘fairly certain’ or ‘pure guess.’ 

The Ss were unfamiliar with the problem and had not served for I. & S. The 
number of Ss was 267, composed of 125 men and 142 women. The records of 6 addi- 
tional Ss were discarded for failure to follow instructions, or because the records could 
not be understood by the experimenters. The 12 groups of Ss ranged in size from 
15 to 42 individuals. The Ss were students in courses in psychology, most of them 
being in a first-year course. 


RESULTS 


The results are presented in Tables I, II and III. In 
Table I the descriptions of the figures are summarized. The 
first column names the stimulus figure being described; 
the second column gives the number of cases who described 
the figure in the manner indicated in column three; while 
the last column contains miscellaneous information. We 
have attempted to indicate in column three what from our 
point of view were the most important features of the descrip- 
tions, and that as far as possible in the Ss’ own words. A 
certain amount of subjectivity is inescapable in such a classi- 
fication; but the use of the Ss’ words keeps it at a minimum. 
In a few cases it was difficult to decide whether to go by the 
words or by the spirit of the description; with these exceptions 
the task of classification was easy and straightforward. 

In Table II are the percentages of judgments in the direc- 
tion of ‘greater’ for each judged characteristic (column two), 
and the number of Ss upon which the percentages are based 
(column three). Columns four, five and six give the per- 
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TABLE II 


PERCENTAGES OF ‘GREATER’ JUDGMENTS AND Ratincs oF ASSURANCE FOR Eacu 
JupGep CHARACTERISTIC 

















Percent of Ss Rating 





Percent Assurance as: 
Judgment of Number Number 
Made on: ‘Greater’| of Ss of Ss 
Judgs. 


Very Fairly | Pure 
Certain | Certain | Guess 













Fig. 1—gap of open circle........ 52 89 19 65 16 68* 





Fig. 2—angle of obtuse angle. .... 56 18 22 56 22 18 
Fig. 3—curvature of arc of arc-line 

RR CE Ae oe eek koala 77 17 31 69 fo) 16* 
Fig. 4—length of short limb of acute 

Se ere ree 28 25 4 76 20 25 
Fig. 4—angle of acute angle...... 69 16 19 63 19 16 
Fig. 5—squareness of dot figure. . . 16 37 24 51 24 37 
Fig. 6—gap of open triangle...... 59 65 II 64 25 63* 





CTT TT eee 




























19.8 








* One group of 21 Ss did not give assurance ratings. Three individual Ss failed 
to give ratings in the proper form. 


TABLE III 


PERCENTAGES OF ‘GREATER’ JUDGMENTS Mabe on Eacu CHARACTERISTIC BY THE 
Ss oF THIS EXPERIMENT AND THAT OF IRWIN AND SEIDENFELD 




























x This Irwin and 
Characteristic Experiment Seidenfeld 





. Gap of open circle......... 

fp NINDS ooo a cco os ds os de ld ns sdae ees 
. Curvature of arc of arc-line figure... .. 
. Length of short line of acute angle............... 
IR isso Sinton. nen iu eel seee bakes 


. Squareness of dot Ogure.................... 


. Gap of open triangle.............. 








centages of ratings of ‘very certain,’ ‘fairly certain’ and ‘pure 
guess,’ respectively, with the corresponding number of Ss in 
column seven. 

Table III enables the comparison of the percentages of 
‘greater’ judgments obtained in the experiment with those 
obtained by I. & S. These percentages are found in columns 
two and three. Beneath each percentage the number of 
cases upon which it is calculated is found in parentheses. 
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Discussion 
1. The Descriptions of the Figures 


The descriptions written by the Ss have been used as the 
criterion of the nature of their perception or Auffassung of 
the figures. These reports were written at a psychologically 
unsophisticated level in practically all instances. They are 
reports of what the Ss ‘saw’; of ‘meaning,’ therefore, rather 
than of ‘process.’ In no case did we require, or find, a report 
in terms of sensations and images. 

Since we wished to throw light on the results of I. & S. 
it seemed necessary to use the same instructions before the 
first exposure of the stimulus figure that they had used. We 
felt that informing the Ss in advance that they would have to 
describe the figure would probably produce an entirely differ- 
ent attitude of observation from that of the former Ss. They 
were therefore told, as the others had been: “‘I am going to 
show you a figure. I want you to observe it very carefully 
while it is exposed, so that if I show you a similar figure in 
the future you will be able to compare it with this one. 
Remember, look at this figure as long as it is shown, but do 
not write or draw anything or talk to your neighbor about it.” 

As stated under Method, instructions for the descriptions 
were read immediately after the 5 seconds exposure of the 
figure. About 15 seconds were required for the reading of 
these instructions, after which the Ss immediately began 
writing the descriptions. Thus the descriptions were written 
from memory, and may themselves have been subject to 
‘memory changes.’ It must therefore be kept in mind 
throughout our discussion that the Ss have described their 
memories of their perceptions rather than the perceptions 
themselves. Although we believe that reports written after 
so brief an interval would commonly pass for descriptions of 
perceptions, it would scarcely be appropriate when studying 
memory changes to overlook this possibility of error. We do 
not think that the value of the data for our purposes is di- 
minished by this difficulty, since we are interested not so 
much in the actual perceptions as in the Auffassungen of the 
figures, a term which might be taken to include somewhat 
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more than perception. At the time of exposure of the dot 
figure, for example, an S might perceive it simply as a visual 
form on a ground, without verbal elaboration; but when 
asked to write a description of it he might say to himself, 
“It looked like an imperfect square,” and write accordingly. 
This whole process, which includes more than mere perception, 
is undoubtedly important for the problems of later recall, 
recognition, or comparison, and it is this which, as the Ss’ 
Auffassung, we are attempting to evaluate. The reader is 
therefore asked to understand the word ‘perception’ where it 
occurs in our discussion more nearly in the sense of the German 
Auffassung than in its own accepted English meaning. © 

We proceed to discuss the descriptions of each of the six 
stimulus figures, the results for which have been summarized 
in Table I. 

1. Open circle. The reports on this figure are quite clear, 
and lead to the conclusion that in the overwhelming majority 
of cases the Ss perceived the figure as an open or incomplete 
circle. All Ss mentioned the opening, most of them using 
such terms as: ‘part missing,’ ‘break,’ ‘gap,’ ‘incomplete,’ 
etc. 84 Ss used either the noun ‘circle’ or the adjective 
‘circular,’ while 4 others called the figure a ‘ring.’ The 
remaining 3 Ss used the terms ‘arc,’ ‘hoop’ and ‘oval like the 
eye.’ No other names of objects or figures were given in the 
descriptions. 

2. Obtuse angle. The reports here are more varied in 
nature. Only 6 of the 20 Ss used the term ‘obtuse angle,’ 
although 4 more estimated it as containing more than go 
degrees. 3 Ss believed it to be an angle of 90 degrees, while 
1 S said 85 degrees and another called it an acute angle. 
2 Ssfgave no estimate of the size of the angle. 2 Ss spoke of 
the figure as forming part of a diamond, and 1 as a letter V. 
It seems not to be safe to assume that a large majority of Ss 
will perceive this figure simply as an obtuse angle, even if 
allowance is made for the possible difficulty our Ss had in 
expressing in degrees the angle they had perceived. 

3. Arc-line figure. Here the Ss uniformly perceived 
the straight line as such. 12 Ss perceived the arc as a semi- 
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circle; the remaining 5 Ss called it an arc or curve. More 
than half of the group (9 of 17) used object names in their 
descriptions, such as ‘dipper,’ ‘cup,’ ‘question mark lying 
on its side,’ etc. With this figure, then, one cannot count 
upon all Ss perceiving the arc as a semicircle; and of the six 
figures used, this one seems most likely to be perceived as, or 
to cause the Ss to think of, an object. 

Of the 10 Ss who mentioned the relative lengths of the 
straight line and the diameter of the arc, the line was reported 
longer than the diameter by 1 S, less than the diameter by 
1 S, and equal or approximately equal to the diameter by 
8 Ss. The straight line actually measured 54.5 mm. and the 
diameter 50 mm. 

4. Acute angle. This figure seems to have caused more 
difficulty in description than any of the others. 29 of the 41 
Ss either used the term ‘acute angle’ or estimated the angle at 
less than go degrees. 2 called it a right angle, and 3 an 
obtuse angle. The difficulties experienced by some of the Ss 
in making estimates in degrees, and their unfamiliarity with 
geometrical terms, may be suggested by the fact that 1 S said 
the figure was ‘not quite a right angle—about 45 degrees,’ 
while another said it was ‘an obtuse angle of about 35 degrees.’ 

17 of the 41 Ss reported the base to be shorter than the 
slanting limb, but one said the base was the longer, and 2 
said the limbs were about equal. 1S said they were unequal 
without specifying which was the longer. The other 20 Ss 
made no mention of the length of the lines. 

Few Ss named objects or figures other than an angle. 3 
spoke of it as a triangle with a missing side. 1 mentioned the 
letter V. No other object or figure names were given. 

For this figure, as for the obtuse angle, the reports show 
considerable heterogeneity. How much of this is to be at- 
tributed to perception, and how much to difficulties of de- 
scription, is uncertain; but it is not safe to assume general 
homogeneity of perception for either figure. The influence 
of associated objects and figures appears to be unimportant 
in the case of the acute angle. 

5. Dot figure. The descriptions indicate clearly that this 
figure was perceived by 25 of the 37 Ss as a figure departing 
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somewhat from a square. The Ss frequently said it ‘re- 
sembled a square,’ or that it would have been a square except 
that one dot was ‘out of line,’ etc. 

For 11 of the Ss, however, there is no evidence that the 
figure was perceived as a square. These Ss gave analytic 
descriptions in terms of lines, angles and distances. I 
additional S used the word ‘quadrilateral.’ 

No Ss used names of objects, or of figures other than those 
mentioned here. 

6. Open triangle. This figure can be said to have been 
perceived as a defective triangle or triangular figure by the 
great majority of Ss. 55 of the Ss used one or the other of 
these terms. All Ss observed the gap; the reports were: 
‘apex cut off,’ ‘upper end open,’ ‘not joined at top,’ ‘sides 
not meeting,’ etc. 

Of these 55 Ss, 32 specified ‘equilateral’ and 5 ‘isosceles.’ 
The remaining 18 gave no report on the relative length of 
the sides. 

10 Ss gave analytical descriptions without using the term 
‘triangle.’ The following object- and figure-names appeared: 
musical triangle (2 Ss), billiard triangle, sailboat, pyramid. 


2. Conclusions from the Descriptions, and Applications to the 
Results of Irwin and Seidenfeld 


Ss tend strongly to perceive the open circle and open 
triangle as an incomplete circle and incomplete triangle. The 
tendency to perceive the dot figure as an imperfect square 
is somewhat less strong. Very little reference to objects or 
other figures is made in the case of these three figures. 

The arc-line figure is perceived by many Ss as an object 
of some sort. The straight line is perceived as straight; 
the arc tends to be perceived as a semicircle with a diameter 
about equal to the length of the straight line. 

Ss vary considerably in their descriptions of the acute and 
obtuse angles. The acute angle was seen by a small majority 
of Ss as acute, or as containing less than go°. Half of the Ss 
saw the obtuse angle as obtuse, or containing more than go”. 
Apparent unfamiliarity of the Ss with estimation of angles in 
degrees, and with geometrical terms, makes it difficult to 
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determine in many instances how these two figures were 
perceived. It seems fair to conclude that there is more real 
variety of perception in the case of these two figures than of 
any of the other four figures used in this experiment. 

These results strengthen the possibility that the closing 
of the gaps in the open circle and open triangle, and the 
increased squarenesss of the dot figure, which are indicated 
in the memorial processes by the results of I. & S., are to be 
explained by the laws of Prdgnanz and closure. The gaps 
seem to be perceived as gaps, and the dot figure as an im- 
perfect square, in enough cases to permit the prediction from 
these laws of asymmetries in the obtained directions. 

There are no indications that the obtuse and acute angles 
were perceived as ‘imperfect right angles’; hence, the me- 
morial narrowing of the obtuse angle and widening of the 
acute angle can probably not be interpreted, as had been 
suggested by I. & S., as an approach of each to the ‘standard 
figure’ of a right angle. The descriptions of these two figures, 
taken as a whole, are too ambiguous to make possible a de- 
finite explanation of the observed asymmetries of judgments 
on the angles. 

A large majority of those of our Ss who mentioned the 
relative lengths of the limbs of the acute angle reported 
correctly that the base was shorter than the upper limb. 
However, only about one-half of the Ss reported on this at all. 
We are not ready to interpret the tendency for the short line 
to become shorter in memory, as found by I. & S., particularly 
when this tendency did not appear in their results for the 
3 min. interval. 

Nothing in the Ss’ reports helps us to understand the 
decreased area of the open circle and the increased area of the 
dot figure and the open triangle. 

No highly probable explanation of I. & S.’s finding of a 
decreased curvature of the arc of the arc-line figure is sug- 
gested by the present results. The frequent use of object 
names may be of importance; but the objects mentioned by 
the Ss are too varied in nature to permit prediction of the 
direction of change to be expected by object-assimilation or 
Wulf’s ‘ Normalisierung.’ There is also a memorial decrease 
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in the length of the straight line of this figure, which may be 
considered together with the fact that the line, although 
physically a little longer than the diameter of the semicircle 
(54.5 mm as against 50 mm), tended to be perceived as about 
equal to it in length. We suggest that an S who originally 
perceived the two lengths to be equal, or approximately so, 
would be likely to judge the present length of the straight 
line to be greater than the original because, when forced to 
make a judgment of greater or less, he would tend to observe 
the characteristic in question more analytically; hence he 
would be more likely to perceive that the straight line he is 
now observing is longer than the diameter of the semicircle. 
This would be true whether his original perception of approxi- 
mate equality was due to lack of sufficiently careful observa- 
tion, or was an illusion. (If it were the latter, our argument 
depends upon the generally accepted principle that the 
magnitude of an illusion is diminished with more analytical 
observation.) This explanation of the decrease of length of 
the straight line could be phrased in the terms either of 
Gestalt or associationism; we do not see how a decision be- 
tween the two kinds of theory can be reached in this particular 
case. The influence of object-reference may, of course, be 
present; but it cannot be evaluated from the data at hand. 


3. Comparison of the Asymmetries of Judgment with 
those of Irwin and Seidenfeld 


Although the determination of asymmetries of judgment 
was not a part of the purpose of this experiment, it may be of 
interest to compare the judgment asymmetries with those of 
the previous experiment. Table III gives the percentages 
of ‘greater’ judgments on each of the seven characteristics 
judged upon in this experiment. The first column names the 
characteristic judged; the second column gives the percentage 
of ‘greater’ judgments obtained in the present experiment, 
with the number of Ss in parentheses beneath the percentage; 
the third column gives similar data for the 3 min. interval 
from the experiment of I. & S. Percentages below 50 percent 
are printed in bold-face type. 

Two things are apparent in this comparison. First, the 
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differences between the percentages obtained in the two ex- 
periments are in general large. Second, the directions of 
asymmetry (deviations of the obtained percentages from 50 
percent) are in all seven cases the same in the two sets of 
results. 

The large differences in percentage may, we believe, be 
accounted for by the small number of Ss who judged most of 
the characteristics in the present experiment, and possibly 
also by the description of the figure which each S wrote before 
making his judgment. The fact that the directions of 
asymmetry are identical in the two sets of values is encourag- 
ing, particularly since by chance alone this would occur in 
only one case out of 3’, or once in 128 times. 

We had hoped to be able to present data to show the 
presence or absence of effects of the mode of perception upon 
the amount or direction of the asymmetries of judgment. 
This did not prove feasible, however, primarily because the 
large number of subclasses into which the Ss’ perceptions 
had to be divided rendered the number of cases in each sub- 
class too small for statistical treatment. 


4. Subjective Assurance of Judgment 


The amount of guessing done by Ss in forming their 
judgments in the experiment of I. & S. was not known. 
Since the method of equal stimuli was used, the possibility 
that a large proportion of the judgments amounted simply to 
guesses had to be considered. The larger the proportion of 
judgments that were pure guesses, the smaller would be the 
expected asymmetries, since such judgments by chance should 
fall about equally into the two categories used in the case of 
each characteristic. 

The results given in Table II show that on the whole less 
than 20 percent of the judgments were rated ‘pure guesses,’ 
while almost 20 percent were ‘very certain.’ A majority 
of the ratings, 63 percent, fell into the middle category, 
‘fairly certain.” The maximum proportion of ‘pure guesses’ 
for any one characteristic was 25 percent (gap of open tri- 
angle); the minimum was o percent (curvature of the arc of 
the arc-line figure). 
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It might be supposed that Ss who made the same judgment 
on a figure as the majority of the group made would have a 
higher degree of assurance on the average than those who 
judged with the minority, on the grounds that the amount of 
“memory change’ for the former group would be likely to be 
greater than for the latter. Taking together the results for 
all seven characteristics, the percentages of ‘very certain,’ 
‘fairly certain’ and ‘pure guess’ ratings, respectively, were as 
follows: 

Ss judging with the majority: 18.5%, 60.9%, 20.5%. 

Ss judging with the minority: 15.2%, 66.3%, 18.5%. 
The supposition is thus shown to have little basis in fact. Ss 
who judge with the majority have a slightly greater per- 
centage of ‘very certain’ judgments, but also a slightly 
greater percentage of ‘pure guess’ judgments. Whether 
this means that we are wrong in supposing that greater 
amounts of memory change are associated with larger pro- 
portions of cases making the same judgment, we cannot say. 
The assumption seems reasonable from general psycho- 
physical principles. The assurance of judgments cannot, of 
course, be taken as a reliable indication either of their correct- 
ness or of the S’s sensitivity. 

We conclude that, so far as subjective ratings can be used 
as a criterion, the method of equal stimuli as used in this 
experiment does not appear to have produced an amount of 
guessing greater than that found in the usual psychophysical 
procedures. The same conclusion can, we believe, be applied 
to the experiment of I. & S. because of its close correspondence 
in method. 

SUMMARY 


This experiment was performed to gain additional in- 
formation on certain questions left unsettled in a previous 
experiment by Irwin and Seidenfeld. Descriptions by the Ss 
of the visually perceived stimulus figures were obtained in 
order to infer the nature of the Ss’ perceptions of these 
figures. Data on asymmetries of judgment and on subjective 
assurance of judgment were also obtained. 


(Manuscript received May 19, 1937) 
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OCULAR DOMINANCE AND THE RANGE 
OF VISUAL APPREHENSION * 


BY MARGARET KELLER 
Brown University and Butler Hospital 


I. INTRODUCTION 


The problem of eyedness forms an integral part of the 
larger topic of the functional, bilateral asymmetry of the 
human organism. For the determination of the dominant 
eye, numerous techniques have been devised which give more 
or less inconsistent results. The assumption basic to the 
various tests, however, is that eyedness is an expression of a 
whole eye. As is well known, the neural connections from 
each retina are divided between the two hemispheres. There- 
fore, if, as has widely been supposed, unilateral tendencies 
depend upon the dominance of one hemisphere over the other, 
it would seem that some correspondence in function might 
be found between the corresponding halves of the two eyes. 
Differences might also occur in the accuracy and amount of 
visual apprehension between the nasal and temporal halves 
of the same eye. Accordingly, the object of the present 
investigation may be stated briefly as follows: the determina- 
tion of the relationship between ocular dominance as measured 
by tests employing the whole eye, and the relative amount 
and accuracy of visual apprehension in the four visual fields, 
using monocular, tachistoscopical presentation of stimulus 
material. 

A number of investigations have been made on the relation 
between lateral dominance and position of the stimulus in the 
report of visually perceived material. Stevens (12), in 1908, 
presented subjects with white cardboard discs at different 
points in the field of vision. He observed a tendency for 
right-handed subjects to over-estimate objects in the right 


* The author wishes to acknowledge indebtedness to Dr. L. F. Beck for his assist- 
ance and guidance in this study. 
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field and for left-handed subjects to over-estimate objects 
in the left field. In 1912, Stevens and Ducasse (13) published 
the results of an investigation in which subjects were asked to 
compare variable with standard extents in the different 
fields of vision. It was found that the right halves of the 
horizontal and right oblique meridians were consistently 
over-estimated. Both eyes agreed as to the direction and 
amount of over-estimation. Stevens and Ducasse concluded 
that corresponding halves of the retina have an identical 
space sense with respect to the kind and magnitude of constant 
space error. They also compared the proportion of right- 
handed individuals with the tendency to over-estimate objects 
on the right and suggested that both of these unilateral ten- 
dencies resulted from the dominance of the left cerebral 
hemisphere. 

Dallenbach (5), on the other hand, found that circular 
areas to the left and above the point of fixation required less 
illumination to equal a standard than those below and to the 
right. In a later study (6) he again observed that the left 
position had an attentional advantage and noted that his 
three subjects were right handed. 

More recently, Anderson and Crosland (1) have investi- 
gated the effects of eye dominance on ‘range of attention’ 
scores, using binocular, tachistoscopical presentation of ma- 
terial. Their subjects were divided equally with respect to 
eyedness, handedness, and sex. They found the left-eyed 
subject to excel the right-eyed subject at the right side of an 
exposure card of nine letters; the right-eyed subject to be 
superior to the left-eyed subject for the left field letters. 
Anderson and Crosland (2) also studied the effects of combina- 
tions of handedness and eyedness on ‘range of attention’ 
scores. They found that under conditions of left print (letters 
printed on the left half of the card) very small differences 
occurred. Under conditions of center print and right print 
(letters printed on the right half of the card), left-handed, 
left-eyed subjects excelled and right-handed, right-eyed 
subjects made lowest scores. Right-handed, left-eyed, and 
left-handed, right-eyed subjects fell in the middle ground. 
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II. PrRocEDURE 


A modification of the Dodge mirror tachistoscope (7) was used in presenting the 
stimulus material for measuring the span of visual apprehension. The two illumi- 
nated fields were approximately three and one-half inches high and five inches wide. 
The cards which were inserted in the exposure field contained a row of nine letters 
each, spaced approximately one-half inch apart and arranged so that the center letter 
fell at the point occupied by the cross on the pre-exposure field. No two cards were 
alike, and the combinations of letters within each card in no case formed a familiar 
word or syllable. The eye piece on the tachistoscope was adjustable so that it might 
be used for either eye. It was shielded on four sides by black cardboard so that 
extraneous visual cues for the eye not in use were eliminated. 

The stimulus material was presented for an interval of 120 milli-seconds in order 
to rule out the possibility of more than one fixation during the interval. The necessity 
of maintaining fixation on the center of the cross was emphasized. As a further 
check against the tendency to read from left to right, the subjects were instructed to 
record letters in three different directions: (1) left to right, (2) right to left, and (3) 
center-alternate, that is, first the center letter, next the first to the left, then first to 
the right, etc. The order of recording to be used was varied in random order from 
trial to trial and was not known until the time for recording. A total of 48 cards 
was presented, 24 to each eye in groups of 12 each. 

In determining ocular dominance, the following tests were used: 1. stereoscope 
test, 2. Parson’s manoptoscope (10), 3. Scheidemann’s paper-sighting test (11), 
4. Mill’s convergence test (9), and 5. a modification of the traditional cancellation 
test which aimed to detect possible differences between the two eyes in the ability 
to select items rapidly. 

Fifty men, all university students between the ages of 18 and 24, acted as subjects 
for the experiment. Forty-six of the men were right-handed, four were left-handed. 
Handedness was determined by performance on a battery of tests of manual skill 


compiled by L. F. Beck (3). Those subjects who wore glasses wore them also during 
the experiments. 


III. Resutts 


Determination of Ocular Dominance.—There was a marked 
lack of agreement found between the results of the five tests 
of ocular dominance administered. The percentage of agree- 
ment between tests in no case exceeded 68 percent. The 
cancellation test, scored for both time and errors and the 
stereoscope test showed less than 50 percent agreement with 
the results of all other tests. Only three tests showed 60 
percent or more agreement with each other. They were the 
manoptoscope, paper-sighting and convergence tests. Crider 
(4) has reported similar observations. In analyzing 18 
studies of ocular dominance, he found a wide variation in the 
percentages of right, left, and impartial eyedness reported. 
He also demonstrated that the percentage of impartial eyed- 
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ness increases with the number of sighting opportunities 
allowed. 

It was arbitrarily decided that in this investigation a 
subject would be considered to prefer that eye which he used 
consistently on two of the three most reliable tests (paper- 
sighting, manoptoscope, and convergence). With this cri- 
terion, it was found that there were 30 right-eyed and 16 left- 
eyed subjects. Results on the remaining four subjects were 
doubtful. 

Range of Visual Apprehension.—The record sheets for the 
range of visual apprehension test were graded in two different 
ways. First, the number of letters reported correctly in 
their correct positions was tabulated for each subject. Next, 
the number of letters reported which were on the stimulus 
cards, regardless of whether or not the position was correct, 
was determined. In order to rule out possible practice effects, 
analysis was confined to the results of the last two trials. 

When the results were pooled, it was found that the total 
number of letters recalled was greatest at the center position, 
next greatest at the two positions on either side of the center 
letter, and least in the three positions furthest from the center 
on either side. It would seem therefore that fixation was 
well maintained throughout the experiment. 

A comparison between the average number of letters 
recalled for each eye revealed that there was no significant 
difference between the right and left-eyed subjects with 
respect to the scores obtained by either eye. That is, the 
left-eyed subjects recalled as many of the letters which were 
presented to the right eye as did the right-eyed subjects, and 
vice-versa. 

Similarly, a comparison between the right and left-eyed 
subjects with respect to the recall of letters presented to the 
four retinal halves of the two eyes (right and left nasal, and 
right and left temporal) showed no differences that were 
statistically significant. In other words, it was impossible 
to differentiate between the right and left-eyed subjects on the 
basis of relative amount of recall from either the right or left 
sides of the stimulus card. 
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These results do not seem in accord with those obtained 
by Anderson and Crosland (1), Dallenbach (5, 6) and others. 
Although two tests of the four used by Anderson and Crosland 
in determining the ocular dominance of their subjects were 
also used as a basis of classification in this experiment, it 
is possible that the disparity between results is due to differ- 
ences in the criteria by which the subjects were classified. 
The fact that monocular presentation was substituted for 
binocular presentation in this experiment may also have had 
some effect. The visual angle subtended by the distance 
between the first and last letters was much larger in our 
stimulus material than in that used by Anderson and Crosland. 
This would cause a greater number of letters to fall outside 
the macula in our experiment. Bilateral asymmetry may 
not be uniform within and without the macular region. 

Tables I and II give scores for the span of visual appre- 
hension in the two halves of each eye for both groups. 


TABLE I 


CoMPARISON OF RECALL oF LETTERS WuicH FALL ON THE NASAL AND TEMPORAL 
HALVES OF THE RETINA 




















: Chances in 
Group Eye Field Total Mean o Diff. 100 of a 
o Diff. True Diff. 
Nasal 424 14.1 3.87 
Right 1.7 96 
Temporal 356 12.2 5.03 
Right-eyed 
Nasal 400 13.3 3.82 
Left 1.22 88 
Temporal 436 14.5 3.76 
Nasal 227 14.2 2.96 
Right 1.87 97 
Temporal 187 11.7 4.46 
Left-eyed . 
Nasal 205 12.8 4-41 
Left 1.59 94 


Temporal 243 15.2 4.14 


























An inspection of the total number of letters recalled for 
the nasal and temporal fields of each eye shows that, with 
One exception, the scores for the nasal side of the right eye 
exceed those for the temporal side, and the scores for the tem- 
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TABLE II 


ComMPARISON OF ReEcALL 1n Correct Position or Letters Wuicu FALL ON THE 
NASAL AND TEMPORAL HALVES OF THE RETINA 




















: Chances in 
Group Eye Field Total ‘| Mean ¢ _Diff. 100 of a 
: o Diff. True Diff. 
Nasal 249 8.3 3.6 
Right 0.46 67 
Temporal 237 7.9 3.6 
Right-eyed 
Nasal 296 9.9 3-4 
Left 0.75 77 
Temporal 277 9.2 3.2 
Nasal 136 8.5 2.4 
Right 1.1 86 
Temporal 116 7.25 3.8 
Left-eyed 
Nasal 156 9.75 4:3 
Left 0.4 65 
Temporal 167 10.4 3.2 


























poral side of the left eye exceed those for the nasal side. In 
other words, although the differences between the means are 
small there seems to be a tendency for letters on the right side 
of the fixation point to be recalled more efficiently than those 
on the left side. This holds true for either eye and for both 
right-eyed and left-eyed subjects. This observation tends 
to agree with the findings of Stevens and Ducasse (13) and 
is what we might expect from the neural connections of the 
eye as far as the subjects with right lateral dominance are 
concerned. It is more difficult to explain why the left-eyed 
subjects also tended to recall more from the right side of the 
stimulus card. It must be remembered that all but two of 
these left-eyed subjects were right-handed. These subjects 
also showed greater variability on the tests for ocular domi- 
nance administered. The group, therefore, was not homo- 
geneous and probably contained a number of individuals 
with stronger right lateral dominance than left. In any case, 
ocular dominance as here measured, showed no relation to 
the relative amount of recall from either the right or left 
visual fields. This tends to support the results of Raney 
and Jasper (8) who found little or no relation between ocular 
dominance as measured by tests of unilateral sighting and 
dominance as measured by the Phi test. 
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The coefficients of correlation (product moment) which 
express the relation between the functioning of the two halves 
of the same eye and corresponding halves of the two eyes are 


given in Tables III and IV. 


TABLE III 


RELATION BETWEEN VISUAL APPREHENSION IN THE Two HALVES oF THE SAME EYE 
AND BETWEEN CORRESPONDING HALVES OF THE Two EyEs 
(RiGHT-EYED Group) 


















































Recalled in Position Irrespective of Position 
R. Nasal R. Temporal R. Nasal R. Temporal 
L. Temporal L. Nasal L. Temporal L. Nasal 
r. 0.71 0.79 0.77 0.9 
R. Nasal L. Nasal R. Nasal L. Nasal 
R. Temporal L. Temporal R. Temporal L. Temporal 
I. 0.31 0.22 0.29 0.36 
TABLE IV 
LEFT-EYED Group 
Recalled in Position Irrespective of Position 
R. Nasal R. Temporal R. Nasal R. Temporal 
L. Temporal L. Nasal L. Temporal L. Nasal 
r. —0.16 0.57 0.19 0.41 
R. Nasal L. Nasal R. Nasal L. Nasal 
R. Temporal L. Temporal R. Temporal L. Temporal 
I. 0.20 0.09 0.36 0.24 














The coefficients between the amount of visual apprehen- 
sion in the two halves of the same eye are low, sufficiently 
low to permit the statement that there is little or no cor- 
respondence between them. In short, it is impossible to 
predict the recall of letters in the nasal half of one eye from 
a knowledge of the recall in the temporal half of the same 
eye or vice-versa. 

With respect to the relation between the function of 
corresponding halves of the two eyes, the coefficients show a 
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positive relationship. For the right-eyed group, these coef- 
ficients are consistently high, falling between 0.7 and o.9g. 
It would seem then, that for the right-eyed group there is 
greater concomitant variation in function between correspond- 
ing halves of the two eyes than between the two halves of the 
sameeye. This might be expected from our knowledge of the 
neural connections of the eye. For the left-eyed group, 
however, the coefficients are much lower, even statistically 
not significant in all cases but one. It is interesting to note 
that the only significant coefficient among the scores of this 
left-eyed group was between the visual apprehension in the 
left nasal and right temporal halves, corresponding halves 
whose neural connections terminate in the right cerebral 
hemisphere. 
IV. SumMMARY AND CONCLUSIONS 


In this investigation an attempt was made to determine 
the effect of ocular dominance on the relative recall of letters 
falling on the right and left retinal halves of the two eyes. 
Fifty undergraduate men acted as subjects for the experi- 
ment. Forty-six of these men were right-handed, four were 
left-handed. In determining ocular dominance, the following 
tests were used: I. manoptoscope, 2. stereoscope, 3. paper- 
sighting, 4. convergence, and 5. cancellation. Monocular, 
tachistoscopic presentation of material was used to determine 
the range of visual apprehension for stimuli falling in the right 
and left halves of the retinae in each eye. 

It was found that: 1. There was a marked lack of agree- 
ment between the results of the tests of eyedness administered. 
This indicates that the reliability of such tests may be ques- 
tioned. 2. Ocular dominance, as here measured, had no 
effect on: (a) the range of visual apprehension in either eye 
and (db) the relative amount of recall of letters on either side 
of the stimulus card. 3. Both right and left-eyed subjects 
showed a slight tendency to recall more letters in the right 
visual field than in the left. Since all but four of these 
subjects were right-handed, this suggests that there may be 
some relationship between handedness and the relative 
amount of recall in the right and left visual fields. No de- 
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finite conclusions may be drawn on this point without further 
experimentation. 4. Coefficients of correlation expressing 
the degree of functional relationship between the two halves 
of the same eye were not significant. However, when the 
corresponding halves of the two eyes were compared, the 
coefficients proved to be consistently high (0.7 to 0.9) for the 
right-handed, right-eyed group. Thus, for this group at 
least, there is a functional relationship between retinal halves 
whose neural connections terminate in the same hemisphere. 


(Manuscript received June 12, 1937) 
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THE OPTIMAL LOCUS OF ‘ANTICIPATORY 
TENSIONS’ IN MUSCULAR WORK * 


BY G. L. FREEMAN 


Northwestern University 


Whether muscular tension will improve or hinder a given 
performance depends upon a number of factors including 
(1) the amount of tension developed, (2) the timing of the 
proprioceptive impulses in relation to impulses of the primary 
reaction pattern and (3) the neuro-anatomical connections 
which exist between the tonically contracting muscles and 
those involved in the test performance. That these factors 
are mutually interdependent has already been suspected by 
certain investigators, including the writer... This paper re- 
ports the effect of changing the anatomical proximity of 
anticipatory tensions relative to the muscular pattern involved 
in finger oscillation. 


Before describing the experiments in detail, it is well to 
say what the writer means by ‘anticipatory tension.’ This 
state of more or less steadily maintained muscle contraction 
(voluntarily or involuntarily induced) should not be confused 
with ‘tonus’ in the strictly physiological sense of a ‘stretch 
reflex,’ though the two are provably related. Tonic con- 
traction, such as can be initiated by the verbal command, 


9? 


“tense your arm,” is here distinguished from the phasic con- 
traction typical of such muscular work as calisthenics and 


* Studies in Muscular Tension, Series 2, No. 2. 

The writer wishes to express his appreciation to Miss Mary Ray for research 
assistance and to Dr. Ditakas for nerve block procedures. 

1 Cf. H. Peak, Modifications of the eyelid reflex by voluntary induced sets, Psychol. 
Monog., 1931, 42, 1-68. G. L. Freeman, The facilitative and inhibitory effects of 
muscular tension upon performance, Amer. J. Psychol., 1933, 45, 17-52. 

2 When a muscle contracts tonically, it stretches its agonist. Proprioceptors are 
stimulated in both muscles, and the impulses therefrom accrue to the neural frux due 
to already existing slight stretch or tonus of the muscles. Impulses due to stretch 
and those produced by tonic contraction seem to have different centripetal effects, but 
the underlying neurological assumptions are vague. 
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tapping. A given muscle may be in a state of tonic contrac- 
tion and at the same time contract phasically in response to 
appropriate stimulation; or tonic contraction may be induced 
in one muscle group while phasic contraction is centered 
in another muscle. When tonic contraction is induced imme- 
diately prior to beginning a phasic muscular task, we have a 
state of ‘anticipatory tension.’ Itis an observable phenomena 
which continues in some degree during the test performance, 
and which is subject to definite experimental manipulation 
and control. Elsewhere * the writer has identified this term 
with neuromuscular ‘spreads,’ ‘sets,’ and ‘postures.’ Prefer- 
ence for the phrase, ‘anticipatory tension,’ is advanced on the 
following grounds: (1) the phenomena is definitely related to 
those neuromuscular conditions which are antecedent to and 
anticipatory of the majority of our voluntary activities; 
(2) most tension which facilitates is that which is initiated in 
anticipation of the test performance; and (3) the most feasible 
way to study effects of tension involves the induction of such 
contractions prior to the beginning of the phasic muscular 
activity.’ 

Previous work has indicated that under certain conditions 
one may expect maximum performance when anticipatory 
tension is centered or proximate to muscles engaged in the 
task. Thus Peak * found that the amplitude of the eye-lid is 
increased when the subject is ‘set’ to make a voluntary lid 
closure; and Freeman ® showed that finger oscillations are 
more rapid when the ipsilateral rather than contralateral arm 
extensors sustain a weight. 

On the other hand, the failure of certain investigators ’ to 


3G. L. Freeman, Introduction to Physiological Psychology, New York, Ronald 
Press, 1934, p. 433 ff. 
‘ Fuller discussions of the role of ‘anticipatory tension’ in performance are found 


in J. F. Dashell, The Fundamentals of Objective Psychology, 1928, p. 275 ff., and G. L. 
Freeman, op. cit. 


5H. Peak, op. cit. 

6G. L. Freeman, The facilitative and inhibitory effects of muscular tension upon 
performance, Amer. J. Psychol., 1933, 45, 45 ff. 

7Cf. F. L. Golla and §S. Antonovitch, The relation of muscular tonus and the 
patellar reflex to mental work, J. Ment. Sci., 1929, 75, 234-241, and E. H. Henley, 
Factors related to muscular tension, Arch. Psychol., 1935, no. 183, p. 44. 
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obtain facilitation with tension variously localized suggests 
that the relation is more indirect and subject to subtle changes. 
Specifically, different degrees of tonic contraction in a given 
muscle may have differential effects upon performance involv- 
ing a related muscle group. In a preliminary test of this 
possibility, thirty undergraduate students engaged in rapid 
oscillation of the middle finger while the effect of various 
tensions in the right and left arm flexors was systematically 
explored. Oscillation of the middle finger was chosen as a 
test performance because this member can be operated more 
or less independently of the other digits. With amplitude of 
oscillation controlled by use of appropriate stops, rate eed 
comes the only variable in the performance. | 


Subjects sat in a comfortable chair with elbows firmly supported and with hands 
inserted into gloves having the middle finger cut out. The remaining fingers of these 
gloves were tacked to a form which held the wrist arched upward and which permitted 
movement of only the middle finger. Directly over the wrists of each hand were located 
spring postal scales, inverted so that pressing upward against the platform would 
place the arm flexors under measurable tension (see Fig. 1). In experiments where it 
was also desired to place the arm extensors under tension, equivalent weights acted 
over pulleys against the subjects’ wrists, a counterpoise being inserted into the system 
to compensate for the dead weight of the lower arm. Finger oscillations were recorded 
by means of a smaller postal scale connected with an electro-magnetic counter, and 
running on a tract so that its inverted platform could be connected with the middle 
finger of either right or left hand. A black cloth hid the platforms from the subject’s 
view, but the scale-faces were turned away so as to be seen over the apparatus top by 
means of mirrors. 

The general instructions were: “Do you feel the large platform over your right 
wrist? Push up against it until the pointer on the scale reaches the red mark. Hold 
it there. Now the tip of your middle finger is attached to a small platform. Push up 
with your middle finger so that the pointer on the smaller scale just reaches the red 
mark. Now push your finger down until it strikes the stop. Oscillate the finger back 
and forth this way as rapidly as possible, always remembering to push the small scale 
pointer to the red mark, and also to maintain your wrist pressure.” 

After the subject was thoroughly familiar with the procedure, twenty-five thirty- 
second periods of finger oscillations were recorded for the right and middle finger under 
the following conditions, rotated to avoid practice effects. 


A. No artificially induced tension. 

Bi. 4 lb. artificially induced tension in right flexors. 
Bz. 4 \b. artificially induced tension in left flexors. 
C1. 14 lb. artificially induced tension in right flexors. 
C2. 14 lb. artificially induced tension in left flexors. 


A one minute rest was taken between conditions and a five minute rest between the 


five cycles. 


i 
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The average thirty-second scores in finger oscillations for 

the group of thirty subjects were: 
Control (4): 110. 
1 |b. tension (B): ipsilateral side, 116; contralateral side, 106; 

combined, III. 

14 lb. tension (C): ipsilateral side, 120.5; contralateral side, 

126.8; combined, 123.7. 

It is apparent that the 13 lb. tensions were the most 
effective for the majority of subjects; } lb. tensions produced 
no increment over the control state. There is a slight sug- 
gestion that the 3 lb. tensions were more effective when in- 
duced in the ipsilateral side, and the 1} lb. tensions more 
effective when induced on the contralateral side. But the 
variability of these scores indicated a high probable error. 

There are at least two different explanations for the am- 
biguity of these results: (1) the subjects might have been 
unconsciously exerting tensions in other muscles during any 
or all of the tests, so that the artificially induced tension of 
the moment was cancelled or augmented by unequated ten- 
sions elsewhere; or, (2) differences might have been confused 
or obliterated by uncontrolled central factors, such as holding 
the attitude that it is easier to maintain tension in one hand 
than another, or shifts in attention occasioned by the double 
instruction to tap and maintain pressure. The first supposi- 
tion was proved unlikely by galvanic recording made from 
the palm of several subjects during the tests. These readings 
generally showed regular increments under increased weight- 
loads, which would mean that the artificial tension was re- 
flected in the general reactivity level of the organism.* We 
accordingly turned our attention to uncontrolled central fac- 
tors as the more important. 

When it is simply reported that artificially induced tension 
did or did not cause improvement in a test performance, we 


8 Accumulating evidence strongly suggests that palmar galvanic conductance 
reflects tension changes. Cf.C. W. Darrow and G. L. Freeman, Palmar skin resistance 
changes contrasted with non-palmar changes, and rate of insensible weight loss, J. Exp. 
Psychol., 1934, 17, 739-48; M. A. Wenger and O. C. Irwin, Fluctuations in skin re- 
sistance of infants and adults and their relation to muscular processes, Univ. of Iowa 
Studies., 1936, 12, 143-206; G. L. Freeman and R. M. Simpson, The effect of experi- 
mentally induced tension upon palmar skin resistance (in press). 
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do know whether the result is due to inherent neurological 
connections, or is mediated by the more variable higher arcs 
under the influence of ‘self instruction.” For this reason our 
next attack was centered on a comparison of tension effects 
under controlled and uncontrolled suggestion. Four subjects 
took part in this experiment. Oscillations of the right middle 
finger were recorded over thirty second periods, with a 1} lb. 
tension ® induced in the right or left arm flexors. Conditions 
were properly counterbalanced to minimize practice effects, 
with five minutes rest between cycles. In the first series, the 
subjects were told only that “‘we want to see how rapidly 
you can oscillate your middle finger when different muscles 
sustain weight,” thereby leaving room for uncontrolled self- 
instruction. During an equivalent number of sessions, sub- 
jects operated under instructions devised to control and give 
direction to suggestion effects. When tension was induced 
on the same side of the body as the finger oscillation, the 
experimenter said, “‘Now you can just push up the platform 
with the same hand that is doing the tapping.”’ When ten- 
sion was induced on the contralateral side, the experimenter 
said, ‘‘Now you will have to divide your attention between 
your two hands while you work.” 

As shown in Table I, the effect of the definite suggestion 
was positive. Performance improved in the presumptively 
easier task of maintaining tension while tapping in the same 
hand. The records obtained with uncontrolled instructions 
showed no such general agreement, different subjects doing 
better with tension in different hands. The subjects’ com- 
mentaries indicate that during the experiment they talked 
much about which task was the easier. Practically all re- 
ported that one task was assumed easier than another. Be- 
cause there is little significance in the work of individual 
cycles, the data are presented in Table I as the average num- 
ber of finger oscillations per thirty seconds under conditions 
A (tension in ipsilateral flexors) and B (tension in contra- 
lateral flexors). 


® Previous work with } lb., 1} lb. and 3 lb. weights had generally shown the 1} lb. 
weight to be the most effective in facilitating performance. 
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TABLE I 


Tue Errect oF CoNTROLLED AND UNCONTROLLED SUGGESTION UPON RATE OF FINGER 
OscILLATION WITH ‘ANTICIPATORY TENSIONS’ INDUCED IN IPSILATERAL 
(4) anp CONTRALATERAL (8) Arm FLExors 





























Sen coe iiedind sn Rha’ B Condition 

Suggestion Was more Difficult 
Subject Tension Conditions Tension Conditions 
A B A B 

E 92.5 94.0 96.4 90.0 

T 150.0 134.4 145.5 130.0 

S 139.5 139.3 135.0 116.0 

B 123.0 128.5 112.3 98.0 

Av. 126.3 124.1 122.3 108.5 

















Equally significant were the results obtained from two 
other subjects; here the suggestion that the finger would be 
oscillated more rapidly with tension localized in the opposite 
hand resulted in an average gain of I5 points. 

It seems apparent that the results of many experiments 
with apparently induced tension have been complicated by 
the presence of uncontrolled central factors such as varying 
self-instruction or attentional shifts in a bifurcate task of 
maintaining tonic contraction in one muscle group while 
engaging in phasic activity with other parts of the neuro- 
muscular apparatus. The next experiment sought to divorce 
these central factors from the equation by long periods of 
practice in which the maintenance of tonic contraction became 
automatic. Instructions were to concentrate on the test per- 
formance, with the experimenter warning of any failure to 
maintain tension. The same apparatus was employed as 
before, with oscillations of the right middle finger during 
counterbalanced rotation of the following conditions: 


A: 1% lb. tension induced by ipsilateral arm flexors. 

B. 13 |b. tension induced by ipsilateral arm extensors. 

C. 14 1b. tension induced by contralateral arm flexors. 
D. 14 lb. tension induced by contralateral arm extensors. 


Results for the six subjects are given in Table II. 
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TABLE II 


Tue Errect or ‘AUTOMATICALLY MAINTAINED’ TENSION IN RELATED MuscLE 
Groups upon TuirtTy-Seconp Rate or Fincer OsciILLATION 





























Subject . J — | a" | ‘mamen” 
(A) (B) (C) (D) 
L 187.5 181.5 166.5 187.5 
y 178.2 167.0 162.5 166.2 
T 157-7 161.5 153-2 156.5 
M 154.5 150.0 149.0 144.0 
V 147.0 143.2 127.5 135.0 
R 157-5 150.7 * 146.0 139.0 
Av. 163.7 159.0 150.8 154.7 

















The table shows that under these special conditions maxi- 
mal facilitation is provided by tension induced in the flexors 
of the ipsilateral arm. Ipsilateral extensor tension is only 
slightly less effective, and contralateral extensor tension is 
more effective than contralateral flexor tension. Such results 
indicate that we are dealing with a predominately spinal 
phenomena, and suggests the need of a sub-cortical check 
upon the data. Something of this nature was made possible 
when one of the subjects (L) volunteered to repeat the experi- 
ment as above, but with the arm muscles contracting in 
response to faradic stimulation of their motor points.!° Under 
such conditions the average number of finger oscillations per 
thirty-second period was: 


With tension in the ipsilateral flexors. ................. 0000020042 200.2 
With tension in the ipsilateral extensors...............-. eee eeeee 175.2 
With tension in the contralateral flexors........... 0.0... cece eee 170.5 
With tension in the contralateral extensors.................000000- 173.0 
Control (no tension experimentally induced)..................000. 151.4 


It is significant that these results accord with the prin- 
ciples of spinal irradiation as discussed by Pflugger, Sherring- 
ton, and others." We may tentatively conclude that when 


10 So far as possible, faradic shocks of equivalent strength were applied to the biceps 
and triceps; but our control of this factor was not absolute, current strength being 
regulated to maintain an observable tonic contraction in the stimulated muscle. 

u Cf. G. L. Freeman, 4n Introduction to Physiological Psychology, New York, 
Ronald, 1934, pp. 290-93. 
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anticipatory tension in one muscle is not complicated by more 
variable central factors, its facilitative effect upon the phasic 
activities of another muscle is a direct function of spinal 
connections. Maximal increments in finger oscillation ac- 
company anticipatory tension in the muscle group (ipsilateral 
arm flexors) which has the most intimate anatomical connec- 
tion with the ipsilateral finger flexors. Whether this effect 
is produced neurally or mechanically is not definitely known. 
On the one hand, proprioceptive impulses, due to the initial 
lengthening or shortening of a muscle, apparently furnish the 
bulk of the sensory discharge which effects the motor nerves 
to that muscle.!2. On the other hand, like a rubber band, a 
tense muscle contracts more promptly and effectively to phasic 
stimulation when stretched than when relaxed.’ While the 
facilitative effect of ipsilateral tension might be due to the 
increased mechanical efficiency of the flexor muscle group 
during phasic activity, the increments obtained from tensions 
in other muscles suggest neural facilitation. To be sure, 
ipsilateral extensor contraction will stretch the related flexor 
mechanically. It is equally proper to suppose, however, that 
the effect of ipsilateral extensor tension is mediated by pro- 
prioceptive afferents which feed from the extensors into the 
motoneurone pool of the related flexors. This latter suppo- 
sition would seem to be the only possible explanation of the 
facilitating effects of contralateral tension. It is strengthened 
by the fact that contralateral extensor tension facilitated 
more finger oscillation (flexion) than did contralateral flexor 
tension, in accordance with the principles of spinal innerva- 
tion. Other investigators * have noted bilateral effects in 
the reflex activities of the intact organism, but we are not 
certain of the physiology involved. In a recent experiment 
Lindsley * studied the electrical discharges of the sensory and 
motor nerves of the achilles reflex arc in the rat with ipsi- 


2D. B. Lindsley, Some neuro-physiological sources of action-current frequencies, 
Psychol. Monog., 1933, 44, 36. 

13 Cf. W. Howell, Textbook of Physiology, Philadelphia, Saunders, 1926, 41; M. 
Hampel, The effect of initial tension on muscles that contract, Amer. J. Physiol., 
1935, 112, 320. 

4G. R. Wendt, An analytical study of the conditioned knee jerk, Arch. Psychol., 
1930, p. 123. 

4D. B. Lindsley, loc. cit. 
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lateral and contralateral arcs severed. Five of his six animals 
showed little effect of eliminating either the contralateral or 
ipsilateral arcs. On the other animal, however, these con- 
nections evidently contributed much to the frequencies of the 
normal nervous flux. His data are not necessarily crucial, 
for the related arcs in the first five animals may have been 
in a state of relative quiescence when the control records were 
taken. Greater significance would seem to attach to an ex- 
periment in which the control records are obtained with the 
related arcs definitely activated. 

Our final experiment carried out the last suggestion. 
Variations in finger oscillation accompanying faradic stimu- 
lation of different motor points served as the control series. 
For the experimental series novocaine was infected into the 
right bracial plexus of the same subject (L), thereby blocking 
all proprioceptive impulses from both the flexors and exten- 
sors of the right arm. The subject could, however, volun- 
tarily oscillate his right middle finger, and this was done while 
faradic stimulation was applied to the motor points of the 
right and left biceps and triceps, as in the control series. 

A comparison of the results obtained with and without 
nerve block indicates the primary importance of proprio- 
ceptor connections to the facilitative effects of ‘anticipatory 
tension.’ As shown below, all scores are lowered under the 
nerve block condition, the effect being most marked on the 
side of the block. Tensions induced upon the contralateral 
side were able to increase performance by way of proprio- 
ceptor afferents whereas tensions on the same side had little 
effect. That some of the facilitative effect of tension localized 
in the reacting muscle is produced mechanically is suggested 
by the fact that during nerve block more work was done with 
under flexor than extensor tension. 


FincGER OscILLATIONS FOR THIRTY SECONDS 











Muscle Group Stimulated With Ipsilateral 
Faradically Control Nerve Block 
Ipsilateral flexors.................. 200.2 160.0 
Ipsilateral extensors............... 175.2 133.0 
ontralateral flexors............... 170.5 165.0 
Contralateral extensors............. 173.0 162.7 


No group stimulated............... 151.4 








‘ANTICIPATORY TENSIONS’ IN MUSCULAR WORK 563 


As a further check upon the principles governing the effects 
of anticipatory tension, a series of nerve-block experiments 
was made with another group of muscles. Here the subject 
first oscillated the right middle finger during equivalent faradic 
activation of (4) right little finger, (B) right middle finger, 
(C) right index finger, (D) right thumb, (£) left little finger, 
and (F) left middle finger. This control series was followed 
by oscillations during nerve blocks of the left ulnar nerve 
(cutting out ipsilateral afferents from B, C, and D). The 
results given below show that the unblocked ipsilateral little 
finger (4) contributes as much to the performance in both 
tests; the right middle finger flexor (B) is affected by the 
block, but not as much as the ipsilateral index finger (C) or 
thumb (D); the blocked contralateral little finger (£) fails 
to maintain the performance score of the control, whereas the 
score made during stimulation of the unblocked contralateral 
middle finger (F) is not much affected. 


FINGER OscILLATIONS FOR THIRTY SECONDS 











Muscle Group Stimulated With Nerve-block from 
Faradically Control Muscles B, C, D, E 
y ie .. 176 181 
a + 171 
Gias ers IS! 
co. 133 
E... (<a ae 153 
| . 172 166 





These results clearly suggest the importance of proprioceptive 
afferents in conveying the effects of anticipatory tension from 
one part of the body to another. 

The data here reported should not be given too broad an 
interpretation. Tensions of a different quantitative or quali- 
tative order might well produce different effects. Our knowl- 
edge of the subtleties of neuromuscular sets and postures is 
yet very limited. Further research with anticipatory tension 
should develop this relationship. 


SUMMARY 


Current research indicates much confusion regarding the 
effects of muscle tensions on performance. The present ex- 
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periment studied the locus of ‘anticipatory tensions’ as one 
factor entering into the equation. Subjects performed finger 
oscillations with right or left biceps or triceps sustaining 
various weights. The results indicate that different loads 
may affect optimal facilitation of the test performance when 
acting from different muscle groups. To eliminate compli- 
cating central factors, such as attentional shifts in a bifurcate 
task, subjects again performed finger oscillation but with 
ipsilateral or contralateral muscles contracting in response to 
faradic stimulation of their motor points. Optimal facilita- 
tion is produced by anticipatory tension in muscle groups 
most closely associated with the reacting member. Novo- 
caine nerve-block abolishes facilitative effects of contraction 
developed in associated muscles, indicating the importance of 
proprioceptive pathways. The relation of these results to 
principles of spinal irradiation is discussed. 


(Manuscript received May 28, 1937) 








THE TEMPORAL RELATIONSHIP BETWEEN BRAIN 
POTENTIALS AND CERTAIN NEURO- 
MUSCULAR RHYTHMS 


BY LEE EDWARD TRAVIS AND CHARLES N. COFER 


University of Iowa 


An interesting question is, what becomes of the alpha 
rhythm of the cortex? Does it have reflections or indications 
which can be detected in peripheral parts of the central 
nervous system or in some neuro-muscular mechanism? 

In considering these points, the common neuro-muscular 
rhythm found in tremors was thought of as a possible rever- 
beration of the alpha brain potential rhythm. This relation- 
ship was considered possible because the frequency of the two 
rhythms is approximately the same, 10 per sec. Further 
encouragement in this line of thinking came from some work 
reported by Travis,’ in which he found that in neurological 
cases with a more or less complete interruption of the pyrami- 
dal tracts but with the lower reflex arcs intact, there was a 
complete absence of tremors on the affected side. This would 
indicate that the tremors are of cortical origin. If so, then 
they might be the peripheral manifestations of the same 
activity as the brain potentials from the motor cortex. 

This possibility was tested with a single case, the tremors 
from the extended right fore-finger being recorded simulta- 
neously with the alpha rhythm from the left occipital area. 
No relationship between the two rhythms was apparent from 
this record. Before work was started with the motor area, 
Jasper? reported that the tremors from the third finger of 
the left hand corresponded almost precisely with the alpha 
rhythms from the right pre-central region of the head. He 


1 Travis, L. E., The relation of voluntary movement to tremors, J. Exper. Psychol., 
1929, 12, 515-524. 

2 Jasper, H. H., Cortical excitatory states and synchronism in the control of bio- 
electric autonomous rhythms, Cold Spring Harbor Symposia on Quant. Biol., 1936, 4, 
320-338. 
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published a record which shows the practically perfect syn- 
chronization of the two rhythms. He failed to state, how- 
ever, how often such a synchronization occurred, and how 
many subjects were used. With the matter in this uncertain 
state, 21 adult subjects were studied. 

Both the brain potentials and the tremors were recorded 
with a Westinghouse oscillograph. The potentials were led 
off with surface electrodes attached to one of three regions of 
the head, the left visual, the left pre-central, and the right 
pre-central. The ground electrode was attached to the lobe 
of the ear on the same side as the head electrode. 

‘The tremors were recorded by means of a Rochelle crystal 
contact microphone. 


The subject sat in a comfortable arm chair, with the arms 
and hands resting on the sides of the chair, or for the experi- 
ments in which the tremor was taken from the toes, he re- 
clined on a cot with one foot resting on the floor. The usual 
method for recording the tremors from the fingers was to have 
the subject extend either the index or the middle finger of the 
hand so that the finger tip rested lightly on the plunger of the 


microphone. ‘The tremor from the great toe was recorded 
by raising the heel and having the subject extend his foot 
with the great toe lowered to contact the plunger. The 
microphone was placed on a pad for both conditions. 

The subject sat or lay in a dark room with his eyes closed. 
He was told to relax and to refrain from ‘thinking.’ Each 
record was approximately 30 sec. in duration. 

As stated above, two fingers were used for recording the 
tremors. For purposes of presenting the data, however, the 
fingers need not be considered separately since it has been 
found that the tremors from the index and the middle finger 
are perfectly synchronized when recorded simultaneously. 

An inspection of the records revealed at once that there 
was no relationship between the rhythms (Fig. 1). The rec- 
ords were studied, however, in detail in an attempt to find 
any relationships which might not be apparent from a cursory 
survey. In every case, significant frequency differences be- 
tween the alpha and the tremor rhythms have been found, 
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with the tremor invariably faster than the brain rhythm. 
The mean frequency of the brain rhythm from the motor area 
was 9.92 + .155, and the mean frequency for the tremor, 
11.39 + .205, giving a difference of 1.47 cycles per sec. The 
range of frequencies for the brain waves was from 8.64 to 
11.45 per sec., and for the tremors, from 8.83 to 14.19 per sec. 


Fic. 1. Record of brain potentials from the left motor area and of tremors from 
the right middle finger. In this and in subsequent records, reading from top to bottom, 
the first line equals time in 1/25 sec.; the second line brain potentials; and the third 
line the tremors. 


For each individual the difference between the brain wave 
and the tremor frequency was computed. The resulting mean 
difference was 1.54 + .106, the range being from 0.58 to 2.74 
cycles per sec. 

The difference between the means of the two distributions 
is statistically significant (CR = 5.7). 

Similar results were found for the four subjects whose 
brain waves were recorded from the left visual area. The 
mean frequency for these brain waves was 10.19 + .125 and 
for the tremors, 12.07 + .307. The mean difference between 
the brain waves and the tremors was 1.89 + .292. ‘The tre- 
mors from the toe were also consistently and significantly 
faster than the brain waves recorded simultaneously. 
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In order to determine whether contacting the microphone 
affected the brain waves, a control experiment was carried 
out. The difference between the brain wave frequency for 
the control situation and that for the situation in which the 
tremor was recorded was 0.02 cycles per sec., an insignificant 
difference. 

Two attempts were made to find a relationship by modify- 
ing the techniques for recording the tremors. One was by 
recording with the whole arm raised and the other with the 
hand raised, the finger still contacting the microphone in each 
case. In the first experiment a great reduction in the tremor 
frequency was found with the brain wave frequency remaining 
the same. In the second case, there was a small increase in 
tremor frequency with no corresponding change in the brain 
wave frequency. No relationships whatsoever between the 
two rhythms were demonstrated. by either of the techniques. 
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Fic. 2. Record showing no distinct alpha rhythm from the left motor area but good 
tremors from the right middle finger. 


Some of the subjects had large and regular, while others 
had small and irregular brain potentials. The tremors did 
not follow the brain waves in these respects with any con- 
sistency. That is, there are instances of large, regular brain 
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waves with accompanying irregular and small tremors. Like- 
wise, there are large, regular tremors in subjects who showed 
little of the alpha rhythm (Fig. 2). Furthermore, good alpha 
waves were found in a subject who had practically no tremor. 
Finally, numerous instances were found wherein the large 
alpha waves ceased momentarily or changed without any 
corresponding cessation or change on the part of the tremor. 

In view of all of these findings, it seems unlikely that a 
temporal relationship between the brain potentials and the 
tremors exists. The frequency differences between the two 
rhythms mean constant shifts in phase relationships with a 
consequent lack of any constant synchronization. The fact 
that the brain rhythm can be modified without a correspond- 
ing modification of the tremor seems to be good evidence that 
the two are not related. ‘Therefore, it is concluded that, 
within the limits of this study, there is no relationship between 
the brain potentials and the neuro-muscular rhythm expressed 
by the tremors of certain fingers and toes. In turn, this 
means that insofar as tremors are concerned, there are no 
definitely determinable peripheral reflections of the alpha 
rhythm. However, it should be remembered that the tremors 
may represent a complex rhythm to which lower as well as 
higher levels contribute. Likewise, it may be that the brain 
potentials from the motor cortex represent the activity of too 
complicated a system of cells to permit one to study their 
peripheral reflections from rhythmic contractions of relatively 
delimited muscle groups. 


(Manuscript received May 19, 1937) 
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THE EFFECT OF ART TRAINING ON MIRROR 
DRAWING 


BY JOSEPH E. MOORE 


George Peabody College for Teachers 


The purpose of this study is to investigate and compare 
the abilities of art students and non-art students in mirror 
drawing. ‘The tracing of a six pointed star from its mirror 
reflection formed the basis of this experiment. 

Two groups of subjects were used. The first group con- 
sisted of 33 art students all of whom had had a minimum of 
six semester hours of art at the college level. General courses, 
as art appreciation, were not counted as art training as here 
defined. The second or control group consisted of 95 students 
who had had no art training other than that found in the 
elementary school. Both groups of subjects were juniors and 
seniors at George Peabody College for Teachers. 


PROCEDURE 

The students worked in pairs: while one was the subject the other acted as experi- 
menter and recorded the time by means of astop watch. The Whipple Mirror Drawing 
I.quipment was used. The tracings were done in three laboratory rooms where the 
conditions were reasonably favorable for lighting, quietness, and roominess. The 
stars used in this experiment were printed, six to a page, in red outline. Each star was 
g inches from opposite points and had a red arrow printed at the bottom of the star 
indicating that all tracing should be done in a clockwise direction. The subjects traced 
six stars each for four consecutive days. The first day’s tracing consisted of a control 
tracing of one star without the mirror and five additional stars using the mirror. On 
each of the next three days the subjects traced six stars. Stress was placed on having 
the subject do each day’s tracings at the same hour. The following instructions were 
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given to each student: 

“* Problem.—This problem is to see how fast and accurately you can trace over 
the red line of the star without letting your pencil get off. Trial without the 
mirror: Place your pencil at the starting point and at the word ‘GO’ from the 
time keeper, trace as rapidly as possible around the star in the direction the arrow 
is pointing. If your pencil slips off the line, move it back to the line without 
taking it from the paper and continue the drawing until the starting point is 
reached. 

“NO PRACTICE OF ANY KIND IS PERMITTED FOR THE TEST. 


“Trials with the Mirror —You are to do the remaining twenty-three stars 
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by looking in the mirror while you draw. Place your pencil at the starting point 
and at the signal ‘GO’ from the time keeper trace around the star on the red line 
as fast as you can go and avoiderrors. If your pencil gets off the red line move it 
back without taking it from the paper and continue forward. Do not hesitate 
but keep your pencil moving all the time. After tracing three stars change places 
with the time keeper. To the time keeper: Start your watch at the moment you 
say ‘GO’ and stop it the very moment the tracing pencil reaches the starting 
point. The time in seconds should be recorded in each star. After the subject 
has traced three stars change places with him and let him act as time keeper. 


DO YOUR BEST.” 
RESULTS 


The median time required for the thirty-three art students 
to trace the six pointed star without the mirror was 24.5 
seconds whereas the median time for the ninety-five subjects 
was 21.6 seconds. The difference between these medians is 
not statistically reliable ! being only 1.62. 

Figure 1 shows the differences between the experimental 
and the control group in mirror-tracing. The curves repre- 
sent the median time per star, and the same median after 
being smoothed once for both groups of subjects. 

From the curves representing the true medians it can be 
seen that the greatest reduction in time for both groups 
occurred during the first few trials. This marked improve- 
ment at the start would suggest the elimination of the most 
obvious time consuming adjustments resulting in more rapid 
tracing. The tendency for the two curves to flatten out 
toward the end of the series would suggest that not only is 
the physiological limit being approached, but the number and 
types of errors have been reduced almost to the minimum. 

The curves based on the smoothed median appear to indi- 
cate that the art group is more variable than the non-art 
group.~ However, when this apparently greater variability of 
the art group is checked by means of the coefficient of varia- 
tion, it is discovered that instead of being more variable the 
art group is obviously less variable than the non-art group 
The complete data including medians, smooth medians, quar- 
tile deviations, and coefficients of variation? of both groups 
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of subjects for each of the twenty-three stars is presented in 
Table I. 

From Table I it can be seen that on the first star the art 
group with a median time of one hundred fourteen seconds 
was almost twice as fast as the non-art group which took a 
median time of one hundred ninety-nine seconds to do the 
same task. However, the marked improvement of both 
groups on the second star indicates obvious elimination and 
discarding of certain time consuming adjustments. It will 
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be observed that the variation about the median on the second 
star was much less for the art group than for the non-art 
group. However, a direct comparison between the two me- 
dians can not be made with any degree of assurance because 
they are of different magnitudes. The coefficients of varia- 
tion for the two groups on the first star indicate that the art 
students are slightly more variable than the non-art students. 
However, it is wholly unlikely that the difference between the 
two groups of subjects of only two-tenths of a point could be 
assumed to be of any significance. 

The art students apparently adjust much more rapidly to 
the mirror drawing situation than do non-art students. The 
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TABLE I 


SHOWING THE Mep1Ans, SMOOTHED MEDIANS, QUARTILE DEVIATIONS AND 
CoEFFICIENTS OF VARIATIONS IN SECONDS REQUIRED FOR ART AND 
Non-Art Stupents To Trace AN QOuTLINED Srx Point STAR 
REFLECTED IN A MIRROR 











Seconds per Trial 





Art Group Non-Art Group 
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time on the second star would seem to support the foregoing 
hypothesis. The art students are much less variable on the 
second star than they were on the first, whereas, the non-art 
group was much more variable in drawing the second star 
than they were the first. The trend which runs through all 
of the data should prove more meaningful than a separate 
analysis of the drawing of individual stars. | 

Art students are faster than the non-art students up to 
the tenth tracing then the non-art students equal their speed. 
The variability of the two groups on the tenth star is almost 
the same, being 24.6 for the art and 23.8 for the non-art group. 
On the basis of the coefficients of variability the non-art 
students appear to be less variable than the art group. How- 
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ever, the non-art students are consistently less variable than 
the art students beginning with the sixth and going through 
star number ten. The art students start becoming more 
homogeneous in their tracing behavior on the eighteenth star 
and continue so through the remainder of the experiment. 
It may be that previous art training makes for a certain 
homogeneity, and the influence of this training is becoming 
more obvious toward the end of the series. 

In comparing the art students and the non-art students 
on the first ten stars, it will be seen that the art students 
decreased their median time from one hundred fourteen sec- 
onds to forty-six seconds by the time they traced the tenth 
star, a reduction of 68 seconds or sixty percent whereas the 
non-art group was reducing its time from one hundred ninety- 
nine seconds to forty-six seconds on the tenth star for a de- 
crease of 153 seconds or seventy-seven percent. 

The two groups were about even in the amount of decrease 
on the last thirteen stars. The non-art students reduced 
their time by twenty-four percent on the last thirteen stars, 
whereas, the non-art students reduced their time by twenty- 
five percent. Apparently the greatest reduction in time for 
the two groups occurs during the tracing of the first ten stars. 

One significant factor brought out by these data is that 
the non-art group is slightly faster than the art students at 
the end of the test. It will be noticed that beginning with 
the eighteenth star the median time for the non-art group is 
consistently faster than that of the art students and at the 
same time the coefficient of variation is larger and remains 
larger for the remainder of the test. 

Concerning the superiority of one group over the other, 
little can be said with certainty. The median time for the 
art students was faster on ten of the twenty-three stars, on 
five stars the time was the same, and on the remaining eight 
stars the non-art group excelled. An inspection of the coeffi- 
cients of variation indicates that the art group was less vari- 
able on twelve of the twenty-three tracings. 
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DIscuUSSION 


A previous investigation by Flory * on the effect of art 
training on mirror drawing showed that transfer did occur. 
In this study the students trained in art were found to be 
nearly twice as efficient as an untrained group of subjects. 
However, the main study dealt with only seven art students 
and seven non-art students. 

The data in the present study do not agree with those 
reported by Flory. For example, the non-art group in the 
present study was faster than the art group in tracing the 
outlined star without a mirror. Flory found a mean score 
for art majors of 25 seconds, for students with some art 26 
seconds, and for students with no art training a mean score 
of 29 seconds. 

The control tracing both in the present study and in that 
conducted by Flory was a minor phase of the problem. How- 
ever, when the data on the control tracing are used to draw 
doubtful conclusions certain questions arise. Flory, using the 
differences of one and three seconds made the following state- 
ment, ‘Tracing skill appears to be related to the amount of 
training in art.” From the foregoing statement Flory implies 
that the small observed differences are true rather than chance 
differences. 

It is particularly unfortunate that Flory did not present 
some measure of variability for his data. In spite of the 
small number of cases used by this experimenter some mean- 
ing would have been given the measure of central tendency 
used. It is well known that if the variability of a group is 
great, the mean is affected. It is quite possible that the 
mean could be influenced one, two, or even five seconds by a 
single marked deviation in the tracing time of one subject. 

Furthermore, the art students in this study were less 
variable than the non-art students. The amount of variation 
was measured by the coefficient of variation. Flory however 
made the following statement concerning his data. ‘There 
were more fluctuations in the average tracing time of art 

3 Flory, C. D., The effect of art training on mirror drawing. J. Exper. Psychol., 
1936, 19, 99-105. 
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students than for students who had no training in art. The 
fluctuations suggest that the task presented different prob- 
lems for the two groups.”” One might question the foregoing 
inferences drawn by Flory from his data because the method 
of presenting differences between the two groups does not 
indicate in any way the variation of the groups around their 
respective means. Or to put the problem in another way the 
differences pointed out by Flory might be more apparent 
than real had he used some measure of relative variability 
between them. 

It would seem questionable to postulate, as Flory did in 
his study, a factor of boredom; because toward the end of 
this experiment the subjects in both groups continued to 
reduce their time even though they did not reduce it consist- 
ently. It can be seen that the art group was apparently more 
influenced by the awareness that the twenty-third trial would 
be the last one, for the group reduced its median time by 
three seconds. The non-art subjects apparently were not so 
obviously influenced by the awareness of the end of the ex- 
periment for they reduced their median time by only one 
second. The general tendency to reduce the total time all 
through the test would seem to indicate that a fair degree of 
interest was manifested by both groups in this study. 

There is nothing in these data which would seem to throw 
any light on that highly controversial question of artistic 
temperament. One should perhaps hesitate to bring into 
experimental work such a term as artistic temperament be- 
cause of its general vagueness and the chances of creating 
misunderstanding concerning its meaning. 


TENTATIVE CONCLUSIONS 


1. It would appear, that in so far as these subjects are 
representative of the populations from which they are drawn, 
that training in art does transfer to situations involving the 
tracing of a mirrored image. The transfer is most obvious 
during the earlier stages of the experiment. 

2. The superiority of the art students in this study was 
most apparent in the tracing of the first ten stars. 


ee ee eae) ee 





578 JOSEPH E. MOORE 


3. The non-art group started off much more slowly than 

the art group. The non-art group tied the time of the art 
group on the tenth star and slightly but consistently excelled 
the art subjects in median speed on the last six stars. 

4. The non-art group was much more variable than the 
art group at the start of the experiment. 

5. The relative variability of the two groups was almost 
the same. ‘The art group was less variable on twelve of the 
twenty-three tracings. 

6. Both groups were rapidly approaching their physio- 
logical limit judging from the median times as well as the 
quartile deviations and coefficients of variation for the last 
five trials. 

7. The data in this study do not throw any light at all 
on the question of an artistic temperament—if such exists. 

8. Neither group of subjects approximated the median 
time made on the control tracing without a mirror. 


(Manuscript received June 14, 1937) 





